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INTRODUCTION 


The problem of precipitation forecasting in New Eng- 
land has been emphasized by the needs of the many varied 
industries of that region for accurate forecasts when rain 
or snow is in prospect. Some are especially interested in 
the type of precipitation, others in amourts. Among 
those which become extremely dependent upon estimates 
of the amount of future precipitation in directing their 
operations are the power and light companies, transpor- 
tation interests, the U.S. Engineers, and others. Because 
of this need for forecasting service, the newly established 
Weather Bureau forecasting research unit at Boston initi- 
ated the project described in this paper; the problem of 
forecasting the type of precipitation was not included in 
the project, since it is a separate one and fully as complex 
as that of forecasting amounts. 

In this study an attempt was made to combine the tech- 
niques of several previous studies and apply them to the 
particular problem of forecasting for Boston the precipi- 
tation amounts to be expected from winter coastal storms. 
Earlier investigations by Rodgers [1] and by Miller [2], 
which were concerned with the typing and the recognition 
of pressure patterns which lead to Atlantic coastal de- 
velopments included no attempt to evaluate quantitatively 
the resultant precipitation. Brier [3], however, demon- 
strated in his study of the T. V. A. Basin that objective 
techniques could successfully employed in making 
quantitative forecasts of precipitation. 

This study, patterned loosely after Brier’s investigation, 
was made with a threefold objective: 


1. To develop a practical method for computing the 
precipitation amounts from coastal storms, using 
data available at the time of the forecast. 

2. To show the relative values of the factors con- 
tributing to the computation of precipitation 
amounts. 

3. To test the reliability of specific factors now fav- 
ored by some of the Boston forecasters in deter- 
mining precipitation amounts. 


Briefly, the method employed to gain this objective con- 
sisted of choosing several indices in the synoptic field, 
both at the surface and at upper levels, which were con- 
current with the first appearance of a storm in the coastal 
area. These were related —— to subsequent 
amounts of precipitation recorded. 
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Data used in the study were for the months of Novem- 
ber, December, January, February, and March for the 
five winters of 1942-43, 1943-44, 1944-45, 1945-46, and 
1946-47. For an independent check study, data of No- 
vember 1942, January 1943, December 1944, February 
1946, and March 1947, were set aside. These data were 
selected so that each month would be represented by data 
from a different year. In all, 96 storms were studied to 
develop the computation charts and 24 storms to test the 
results. Altbough the investigation of precipitation data 
was restricted to precipitation amounts resulting from 
coastal storms, it was found that the greater and most 
important portion of winter precipitation for southern and 
central New England was covered. Examination showed 
that 80 percent of the total winter precipitation and nearly 
all amounts in excess of 0.35 inch resulted from coastal 
storms. In addition, and somewhet contradictory to the 
belief that coastal storms are accompanied by heavy 
amounts of precipitation, actual observation (see Figure 1) 
showed that in 25 percent of the cases included in the 5- 
year study the resultant rainfall was less than \ inch; 
in only 25 percent of the cases did the amounts equal 1 
inch or more. 
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Fieure 2.—Map showing stations in the Boston area used to obtain representative 
"ca precipitation amounts for coastal storms. 


It should be pointed out that since not all of the factors 
affecting precipitation could be evaluated, the computa- 
tions in this paper yield only an approximate, but never- 
theless useful, solution to the forecasting problem. Al- 
though encouraging results can be obtained by exclusive 
use of the suggested techniques, forecasts are often com- 
plicated by interactions, accelerations, and developments 
on the weather map which require considerable subjective 
consideration. Therefore, the as objective technique 
presented here should not be considered a complete method 
of forecasting per se, but rather an auxiliary tool for the 
forecaster m £ will allow him to evaluate properly sev- 
eral of the important meteorological variables. Best 
results in forecasts, however, can be obtained by not losing 
sight of the unevaluated factors. 


DEFINITION OF TERMS 


As a preliminary —- to a the data to be used, 
it was Tenge = | to decide upon the limitations of the 
study. The following resulting definitions include ex- 
planations of the factors involved in assigning these 
specific meanings to the basic terms used throughout 

is presentation. 

Forecast area.—The area selected for this study included 
the Boston Airport and four cooperative stations within 
10 miles of Boston (Figure 2). Precipitation amounts 
officially reported for these five stations for each coastal 
storm were averaged to obtain the areal precipitation for 
each storm. This areal amount was computed for all 
storms which occurred in the 5-year period and was used 
as the Boston precipitation in the study. For this period 
it was found that precipitation amounts varied little over 
the area. The correlation coefficient, for example, be- 
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Ficure 3.—Map with isopleths showing relative distribution of storms within the 
Atlantic Seaboard area (shaded portion). 


tween the recorded amounts at Boston and at Chestnut 
Hill (a cooperative station about 5 miles west) was com- 
puted at 0.97. 
Ponigtet ion amounts.—These amounts are storm totals 
rather than fixed-period amounts, since the totals are more 
ignificant and useful and they also simplify the study. 
precipitation amounts greater than 1.49 inches were 
classed in one group and assigned the value of 1.50 inches, 
the value which was used for verification purposes. 
Coastal storm.—A coastal storm was defined as the pres- 
ence at the surface level along the Atlantic Seaboard 
(shaded area of Figure 3) of either (a) a definite wave 
formation in the front, (b) a cyclonic wind field, or (c) a 
closed low. In addition, it was required that there be a 
center of 3-hourly pressure falls associated with the wave 
or storm. The study was not limited to storms which 
originated in the prescribed coastal area but included 
those which might have moved into the Atlantic Seaboard 
from any direction. However, of the 125 storms included 
in the basic and test data, 115 were true secondaries, or 
new developments within the prescribed area. 


In order to determine the favored locations of coastal 
developments, the area along the Atlantic Seaboard was 
analyzed with regard to the number of storms found in 
overlapping sections 2 degrees latitude by 2 degrees longi- 
tude in dimension. The value, then of an isopleth at any 
point in Figure 3 indicates the number of storms whose 
el point of entry into the coastal area was located 

ithin a section centered at that point and bounded by 
meridians and parallels 2 degrees apart. Figure 3 shows 
that there is an area of maximum occurrence between 
Hatteras and Charleston and a minor secondary maximum 
near Long Island. 
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Ficure 4.—700-mb. chart showing a pattern with a closed low southwest of 
Boston which would not influence circulation over Boston. (Arrows and dashed 
line indicate past 12-hour movement of the low center.) 


METHOD OF INVESTIGATION 
SELECTION OF VARIABLES 


In selecting the meteorological variables to be related 
to observed  prospiterion amounts, the results of previous 
research and the experience of other forecasters formed 
a partial basis for consideration. In one investigation, 
for instance, Petterssen [4] concluded that coastal storms 
seem to develop in the lower levels of the atmosphere, 
where air mass contrasts are greatest and wind fields are 
most favorable. This conclusion directed attention to 
the requirement for selecting variables in the lower 
atmosphere which expressed a measure of the potential 
strength of developing storms, and those in the upper 
levels which pointed to the contribution made by the 
primary storm or trough to the coastal development. 

Primarily, however, the independent variables were 
selected on the basis of a study of many individual storms, 
using data in each case obtained from the 6-hourl 
—— surface =. and the latest available upper-air 

arts preceding it. To find variables, both at the surface 

and at upper levels, which appeared to be particularly 
significant to the problem of fo ing amounts of 
precipitation, it was ne to look for those which 
expressed (a) some indication of amounts 
which occurred near the center of the storm, or (b) some 
indication of the path of the storm with relation to the 
forecast area. e latter consideration is, of course, 
important to the amount of precipitation to be forecast, 
since it is obvious that the p e of an intense storm far 
to the east of Boston, for example, will give only a small 
amount of precipitation at that station. 
_ Finally, the selected independent variables were divided 
into two groups: (1) the primary variables, which were 
applied to all storms; (2) the secondary variables, which 
were applied selectively according to the surface pressure 
pattern over the eastern portion of the storm map. 

Primary variables.—The primary variables were labeled 
and defined as follows: 


Fiaure 5.—700-mb. chart showing the pressure pattern 12 hours later than that 
in Figure 4. (Arrows and dashed lines indicate past two movements of the 


low center.) 


X, The 850-mb. wind direction immediately over the 
surface storm. This is a partial measure of 
the influx of warm, moist air to be expected. In 
the absence of actual wind observations, this 
variable was estimated, using pibal data from 
nearby stations and the geostrophic wind. 


X, The 700-mb. contour direction immediately over 
the surface storm. This variable indicates to 
some extent (a) convergence due to the latitude 
effect; (b) orientation of the 700-mb. trough; and 
(c) direction of movement of the surface storm. 


X; The latitude of the surface storm. The largest 

_ amounts of precipitation were found to accompany 

these storms which develop farthest to the south, 
other factors being equal. 


X, The minimum latitude reached by following the 
700-mb. contour upwind throu Boston no 
farther than 95° W. long., which indicates to 
some extent the amplitude of the 700-mb. trough. 
Where this contour did not south of Boston 
between Boston and 95° W. long., the variable 
was defined as the latitude where the contour 
crossed the 95th meridian. 


Its determination is not objective when a closed 
low is found to the southwest of Boston, and the 
contour through Boston, instead of extending 
southwestward to the low, reaches westward or 
even northwestward. 


Given this situation, the forecaster must decide 
on the basis of his experience whether Boston will 
remain in the westerly flow or will come under the 
influence of the low pressure to the southwest; 
furthermore, this decision, an all-important one, 
must be made by the forecaster whether or not he 
embodies objective techniques in his forecast. 
For the purpose of this study, however, the value 


Boston which 
lines on left show past two 12- 


in the circuiation over Boston. (Arrows and 


presages a chan 
movements of low center.) 


X* for the 15 cases involving a closed low south- 
Figures 4 and 6) was determin y looki 
ahead at subsequent maps, although the forecast 
rocedure would usually be objective and straight- 
orward. 

In Figure 4 the arrows and dashed line indicate 
the previous 12-hour movement of the low, which 
was rapid and eastward; the easterly circulation 
of the trough extends only to 38° N. lat. Simple 
extrapolation of the low pressure movement 
indicated that it would continue eastward without 
oe the westerly flow over Boston. This 
was verified by a look at the 700-millibar map 
12 hours later (Figure 5). The value for X, in 
this example was 47°. 

Figure 6, on the other hand, is an example of 
an upper-air chart which does presage a change 
in the circulation over Boston. Here the low 
(the past two 12-hour movements shown by 
arrows and dashed lines) is seen to be moving very 
slowly eastward, and the easterly circulation 
extends to about 45° N. lat. The value of 32° 
was assigned to X,, since the 700-mb. isobar 
moving up to Boston was expected to become 

art of the 700-mb. isobar to the southwest. 

igure 7, which shows the pressure pattern 12 
hours later, verified this. 


Secondary variables ——The secondary variables selected 


were sea level 
storm maps. They were labeled and 


ressure distribution posteree found on 


efined as follows: 


Type 1 (a) There is present on the surface map a 


center of high pressure north or northwest 
of New England, with a wedge extending 
southward into New York, Vermont, or 
New Hampshire; 
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(b) the past 12-hour movement of the 
wedge near 45° N. lat., has been 250 miles 


or less; 


(c) the sea level pressure at Caribou, Maine, 
is at least 15 mb. higher than the pressure 
at Gander, Newfoundland; 


(d) there is a second center 
within 5 degrees of latitude south of 
Bermuda. 


The pressure pattern of Type 1 (exemplified 
by Figure 8) shows the orientation of the two 
highs with a col or trough near 32° to 39° N. 
lat., a favored path for coastal storms. The 
specific Caribou-Gander pressure difference 
indicates the presence of the force necessary 
to propel the storm eastward between the two 
highs. The greater this difference, the sooner 
the storm can be ected to recurve, and 
Type 1 maps are associated with storms which 
recurve to the east while still south of Lo 
Island. They give southern New Englan 
less precipitation than would be forecast 
using only the primary variables. 


Type 2 When the surface map did not fulfill the 


conditions of Type 1, it was examined for 
Type 2 criteria. In this type (Figure 9) a 
center of high pressure must be north of 
41° N. lat., and to the north or northeast of 
the coastal storm. When the high center is 
east of north with relation to the storm, @ 
westward extension of the ridge must be 
north of the storm. This pressure pattern 
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is necessarily accompanied by slow move- 
ment of the storm, due to blocking action 
of the high. Therefore, Type 2 indicates a 
longer period of precipitation than would be 
forecast using only the primary variables. 
It is interesting to note that only six storms 
of the 5-year study resulted in precipitation 
amounts greater than 2 inches, and all six 
were associated with maps classified as 
Type 2. 

Type 3 All maps not meeting the requirements of 
Types 1 or 2 were generally classified as 
Type 3. In this type (Figure 10) the wave 
was found on the west side of the Atlantic 
high cell, with no wedge in the apparent 
path of the storm. Isobars from the wave 
northward were oriented in a south-north 
or southwest-northeast direction. Such a 
pressure distribution favors rapid movement 
of the storm and therefore lesser amounts 
of precipitation than would be forecast 
using only the primary variables. 


There are occasionally situations for which it is difficult 
to distinguish between e 2 and Type 3 pressure pat- 
terns or in which Type 2 is changing to Type 3. In those 
cases bes objective forecast is bansd only on the primary 
variables, 


CLASSIFICATION OF MAPS WITH RELATION TO PRECIPITATION 
OCCURRENCE 


_ Before relating the selected variables to observed pre- 
cipitation amounts, it was necessary to stratify the 
synoptic surface maps used in the investigation pononding 
to whether or not they indicated that precipitation coul 
be expected to occur at Boston. A procedure similar to 
that used by Brier in his T. V. A. study was employed. 
Whenever a storm was found in the prescribed coastal 
area on any surface map, the contour passing through 


Boston and the one passing through Block Island were 
each taken from the corresponding 700-mb. chart and 
traced on the map. When the cortouric channel thus 
delineated on the surface map intersected, east of the 
90th meridian, an area of precipitation associated with a 
low pressure center or a front, the map was placed in 
Group A; when the contouric channel did not cross such 
a precipitation area, the map was placed in Group B. 


Ty 
i 
4 
7 
| 
| 
>- 207 


Ficure 10.—Surface map showing Type 3 pressure distribution, associated with faster- 
moving storms. 
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Upon examination it was found that pee 
occurred subsequently at Boston for every Group A case 
(Table 1), whereas only 6 Group B cases resulted in pre- 
cipitation, while 24 had none. Obviously, no additional 


Tasie 1.—Preliminary stratification of storm maps into those showing 
occurrence and nonoccurrence of precipitation 

No precipitation 0 

subdivision of Group A cases was necessary, but Group B 


_ cases needed further stratification. This was accomplished 


> plotting graphically the minimum latitude reached by 
e 700-mb. contour through Boston, variable X,, 
inst recorded amounts of precipitation. Figure 11 
ows that all but two cases were followed by precipita- 
tion when X, was 38° or less, whereas only one case was 
followed by precipitation when X, was greater than 38°, 
and then the amount was only 0.07 inch. Therefore 
those cases in which X, was 38° or less were relabeled 
Group B,, and together with Group A cases were used 
in applying the selected primary and secondary variables 
to determine amounts of precipitation to be expected. 
Those cases having an X, value greater than 38° were 
relabeled Group B:, and a forecast of no precipitation 
was assigned to them. 

Since application of the criterion described above de- 
pended upon precipitation areas as far west as the Missis- 
sippi River, it suggested that a close relationship exists 
between primary and secondary storms. Previously, 
other investigators, including Brunt [5] and Austin [6], 
have pointed to a close relationship existing between the 
cpapenins of the wave and its accompanying cloudiness 
and precipitation. Petterssen, Austin, et al. [7] and 
others [8, 9] have also investigated many aspects of sec- 
ondary cyclones on the Atlantic Coast. Experience too 
has supported this implied relationship, since it has shown 
that the two belts of precipitation associated with the 
primary and secondary storms, respectively, often merge 
into one, which appears to be moved along by the upper- 
level flow associated with both. The heaviest precipita- 
tion usually has been found to accompany the developing 
secondary, a fact also indicated by the data of this study. 
However, although this implied relationship should 
noted in passing, it is beyond the scope of this paper to 
attempt an explanation of the physical and dynamical 
relationship between the primary storm and its secondary. 


OBSERVED PRECIPITATION AMOUNTS 


X, = MINIMUM LATITUDE OF 700 MB. CONTOUR ‘THROUGH BOSTON 


FicureE 11.—Stratification of B map canes (see Table 1) into B: and Bs: cases by applica- 
tion of variable X4. 
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CONSTRUCTION OF COMPUTATION CHARTS 


Application of the variables to recorded precipitation 
amounts for the storms connected with the A and B,; map 
classifications was accomplished in the manner shown in 
the schematic diagram of Figure 12. The general pro- 
cedure was to work with the variables in pairs. For 
example, the terms X, and X, were used to derive the 
function Y,; terms X; and X, were used to derive the 
function Y;. In turn, these functions, Y, and Y; were 

, when necessary, by applying the appropriate second- 
ary variable. The final jeu was the computed precipi- 
tation amount, C. 


(x 


(FORECASTS OF “NO PRECIPITATION")——» C=O 


FicureE 12.—Schematic working showing the steps in making an objective forecast 
from the ary classification of the map to the final computation of precipitation 


The specific procedure in determining the dependence 
of precipitation amounts upon the several variables 
involved three steps. First, for each case the value of X, 
was plotted as the abscissa and the corresponding value 
of X, as the ordinate on a scattergram, and jthe point was 
labeled with the observed precipitation amount (Figure 
13). Secondly, the scattergram was then marked off 
into cells of several observations each, with the mean of 
each cell entered in large figures within its limits. Thirdly, 
isopleths of precipitation amounts were drawn to these 
mean figures, keeping the lines as smooth as possible. 
From the isopleths in Figure 13 it is evident that X, (the 
850-mb. wind direction above the storm) and X, (the 
700-mb. contour direction over the storm) exert about 
equal effects upon the precipitation amounts. 

Using X; and X, in place of the former variables, 
Figure 14 was constructed in the same manner. Since 
the isopleths in most portions of the chart tend to approach 
the horizontal, it can be assumed that the influence of X, 
(the latitude of the surface storm) ~Ruorg' 4 is not as 
effective as X, (the minimum latitude of the 700-mb. 
contour through Boston). 

Figure 15 shows the derivation of the function Z, deter- 
mined by plotting functions Y, and Y, against each other 
and indicating on the chart the corresponding amounts of 
observed precipitation. Isopleths of amounts were drawn, 
using the ——e applied to the two previous charts. 

The function, Z, thus derived from computation based 
on the four primary variables, was then modified by 
application of the appropriate secondary variable. Figure 
16 was constructed with reference to modification neces- 
sary in Type 1 cases (see Figure 8). In this diagram the 
computed amounts of precipitation (Z values) were 
plotted against the observed amounts, with the corre- 
sponding values of the Caribou-Gander sea level pressure 

ifferences indicated. Two isopleths were drawn by 
inspection, one for 15 mb., and one for 20 mb. The 20- 
mb. curve was used for all values 20 mb. or greater; 
ressure differences below 15 mb. did not, by definition 
all into the Type 1 classification. Since the ordinate of 
this diagram expresses the final corrected values (as well 
as observed amounts), the chart is entered by following 
the line for the computed Z value upward until it inter- 
sects the proper pressure-difference curve. The ordinate 


GROUP A 
TYPE 2 C 
3 
GROUP B — 

© Cases following genera! rule 

2 Exceptions to rule 

e 

s 


Avaver 1948 MONTHLY WEATHER REVIEW 155 ‘ 


value at this point of intersection represents the final com- 
puted precipitation amount (C) to be forecast. The slope 
of each of these pressure curves is less than one, indicating 
that too much precipitation would be forecast using 
only the primary parameters, unmodified by application 
of the secondary variables. This effect—precipitation 
amounts less than the average for coastal storms—would 
be expected from a Type 1 pressure field. 


X, * WIND OIRECTION AT OVER SURFACE WAVE 
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Figure 14.—Chart showing derivation of Ys, a function of primary variables X; and X4. amounts) for forecasting Type 1 cases. 
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Ficure 17.—Chart showing regression curve indicat: 
values (computed amounts of precipitation) to obtain C values (0 
amounts) for forecasting Type 2 cases. 


modification of Z 
or corrected 


In Figure 17, the computed amounts (Z) for all Type 2 
cases (see Figure 9) were plotted against the observed 
amounts of precipitation, and a resultant regression curve 
was fitted by inspection to the individual points. The 
average slope of this curve is greater than one, indicating 
that insufficient precipitation would be forecast if only 
primary variables were used. This result is consistent 
with forecasting experience in Type 2 cases, where the 
blocking high cell in the path of the storm results in pro- 
longed and therefore larger amounts of precipitation than 
are otherwise indicated. 

Figure 18, for Type 3 cases (see Figure 10), was also 
constructed by plotting the computed amounts against 
the observed amounts of precipitation, the regression 
curve being obtained by using group averages. Its slope 
is less than one, a result in agreement with the observed 
results of fast-moving storms, which ordinarily give less 
precipitation than would be computed from application of 
the primary variables alone. 

Finally, the observed amounts were plotted against the 
computed forecast amounts (C) for all cases (Figure 19), 
and the regression curve was obtained by using group 
averages. The resulting correlation coefficient was 0.84, 
with a standard error of estimate of 0.15 inch. It was 
noted that a correlation coefficient of 0.73 between the 
above computed amounts and the observed amounts at 
New Haven suggested that these charts could be appned 
with almost equal efficacy to most of southern New 
England. 
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While the use of the preceding charts will yield a com- 
putation based on mean values, it is sometimes more 
desirable to base a computation on the mode. The fre- 

uency distribution of precipitation amounts is usually 
skew (Figure 1), so that the mean does not correspond to 
the mode. The following method was used to develop 
a chart to indicate the probability that the precipitation 
amount will fall within a specified range. Observed 
sag meee amounts were divided into classes zero to 

ve, with the following limits: 0—trace; 0.01-0.19 inch; 
0.20-0.49 inch; 0.50—0.99 inch; 1.00—-1.49 inches; and 1.50 
inches and — amounts. Similarly, computed values 
of C were divided arbitrarily into groups, numbered one 
to eight, with the following limits: 0.01—0.20 inch; 0.21- 
0.40 inch; 0.41-0.60 inch; 0.61-0.80 inch; 0.81-—1.00 inch; 
1.01-1.20. inches; 1.21—1.40 inches; 1.41 and greater 
amounts. Table 2 shows for each graded value of C the 
number of times that observed precipitation amounts fell 
into each of the five classes. In Table 3, which presents 
the same data in terms of cumulative frequencies and 
percents, frequency values shown for each graded value 
of C represent the number of times that observed pre- 
cipitation fell into the corresponding precipitation class 
or a lower one; percentage values similarly indicate the 
probability of occurrence, based on the comparison of 
observed and computed amounts for these 73 cases, 
From Table 3, Figure 20 was prepared, using the graded 
values of forecast amount C and the cumulative percents 
of frequency as coordinates to plot the class numbers 
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CUMULATIVE FREQUENCY (%) 


FINAL COMPUTED VALUE “Cc” (INCHES) 


Figure 20.—Probability chart for Coane in class from C value, based 
on 


which represent the corresponding or lower amounts of 
observed precipitation. Distribution of these numbers 
on the diagram determined the slope of the curves which 
were drawn to divide the classes. Use of Figure 20 as a 
probability graph in the forecasting procedure is demon- 
strated in the next section of this paper. 


TaBLE 2.—Table showing the frequency of occurrence of each of we ar 4 precipitation as a function of the graded values of computed fore- 


GRADED VALUES OF C (Inches) wien 
. 01-. 20 . 21-. 40 41-. 60 . 61-. 80 81-100 1.01-1.20 1.21-1.40 Ldlup cases 
Class 
0 0 0 0 0 0 0 0 2 
1 2 7 2 0 0 1 0 0 12 
ORSERVED me ~ ii ee: 4 10 5 1 1 0 0 0 21 
PRECIPITATION 3 OT Sr Se 0 5 2 3 5 1 1 20 
Total 6 22 12 6 2 8 73 


TABLE 3.—Table showing the cumulative frequencies and percentages of occurrence of six precipitation classes as a function of the graded values 
of computed forecast value C 


GRADED VALVES OF C (Inches) 
Cumula- 
.01-.20 .21-.40 41-60 61-80 20 1,.21-1.40 1.41 and | tive totals 
more 
0-Trace 0 2 0 0 0 0 0 0 2 
0% 9% 0% 0% 0% 0% 0% 0% 
lees 03.1 lia... 2 ry 2 0 0 1 0 0 
33% 41% 17% 0% 0% 12% 0% 0% 
ORSERVED 2or less .00- 19 7 i 1 1 0 0 35 
Beal 100% 100% 100% 33% 67% 75% 50% 12% 
6 22 12 9 6 8 2 2 67 
100% 100% 100% 100% 100% 100% 100% 100% 
Total cases... 6 22 12 6 2 73 
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FIGURE 21.—Surface map used in example of objective forecast. Shaded area indicates 


where precipitation was 


FIGURE 22.—700-mb. chart used in example of ob, we forecast, with location of surface 


pressure wave in 


EXAMPLE OF AN OBJECTIVE FORECAST 


By using these constructed charts, at the time the storm 
first appears in the prescribed coastal area, the forecaster 
can compute the precipitation to be expected from a 


] storm. The routine of the computation for the 


objective forecast can be demonstrated by reference to the 

synoptic situation of January 19, 1947, at 1330 E. S. T. 
igures 21, 22, and 23, show, respectively, the surface 

map, 700-mb. chart, and 850-mb. chart for this date. 


Since precipitation is occurring upstream within 
the 700-mb. contouric channel, this case belongs 
in Group A. 


. Primary variables determined from these charts 


have the following values: 
=170°=850-mb. wind direction above wave 

at 33° N., 77-1/2° W. (Figure 23) 

X,—=240°=700-mb. contour direction above wave 
(Figure 22) 

X;=33°=latitude of surface storm (Figure 21) 

X,=36.5°=minimum latitude (east of 95° W. 
long.) of 700-mb. contour line 
through Boston (Figure 22) 


. The pressure pattern, similar to that shown in 


oe 9, indicates a Type 2 classification with 
reference to the secondary variables. 


The derived functions and values determined from 
these parameters follows: 
Y,=1.10 (from Figure 13, using X, and X,) 
Y,.=0.60 (from Figure 14, using X; and X,) 
Z=0.90 (from Figure 15, using Y, and Y;) 
C=1.19 (from Figure 17) 


The computed precipitation amount of 1.19 inches 
for the forecast compares favorably with the 
a amount for this storm, which was 1.05 
inches. 


. Figure 20 is used to obtain an indication of the 


most likely class in which the 
occur; from this chart the fo 
when C=1.19 inches: 


will 
owing is noted; 


(a) There is a zero chance that the amount of 
precipitation will be 0.19 inch or less. 

(b) There are 6 chances in 100 that the amount 
will be 0.49 inch or less. 

(c) There is a 30-percent chance that the 
amount will be 0.99 inch or less; and 24 
(30 minus 6) chances in 100 that the amount 
will be greater than 0.49 inch and less than 
1.00 inch. 

(d) There are 99 chances in 100 that the amount 
will be 1.49 inches or less; and there are 69 
(99 minus 30) chances in 100 that the ob- 
served amount will be greater than 0.99 inch 
and less than 1.50 inches. 

(e) There is only one chance (100 minus 99) in 
100 that the observed amount will be greater 
than 1.49 inches. 


The highest probability, when C=1.19 inches, is for 


the precipitation amount to occur in Class 
(1.00-1.49 inches). 


IV 
The amount actually observed, 


1.05 inches, is in this group. 
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Ficurs 23.—850-mb. chart used in example of ob ve forecast, with location of surface 
pressure wave . 


TEST OF METHOD ON INDEPENDENT DATA 


The 24 storms included in the test data contained 16 
cases in the Group A map classification or in Group B, 
(all followed by precipitation at Boston), and 8 cases in 
Group By. Seven of the latter resulted in no precipita- 
tion at Boston, and one (February 24, 1946) was followed 
by 0.02 inch. 
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00 01-09 10-19 .20-29.30-39 40-49 50-59 60-69 70-79 80-89 50 
MAGNITUDE OF ERROR IN FINAL COMPUTED VALUE “C”™ (inches) 


Fiaurs 24.—Distribution of errors in computed forecast value, C, for 24 cases of coastal 
storms used as test data. 


Data for all variables of these 24 test cases and resulting 
computed forecast amounts are shown in Table 4. The 
correlation between the observed and forecast amounts 
(last two columns) was 0.85, and the standard error of 
estimate was 0.29 inch. Figure 24, the distribution of 
errors in the 24 tests forecasts, shows that when only the 
16 cases involving precipitation were considered, the 
correlation between computed forecast amounts and 
observed amounts was 0.71, and the standard error of 
estimate was 0.36 inch. The significance of the secondary 
variables is indicated by the fact that the correlation of 
0.71 is reduced to 0.58 when these variables are not used. 

Table 5 is a contingency table based on the probabilit; 
curves of Figure 20, as applied to the computed ( 
values of the 24 test cases. This tabulation reveals 14 
cases having no class error; 8 involving 1 class error; only 
2 cases erring by 2 ; and none with greater errors. 


TaBLE 4.—Tabulation of computations made for forecasting 24 test cases, and corresponding observed precipitation amounts 


Variables Com 
Time Map Pressure puted | Observed 
Date (Z) group aP* type amounts 
X: X: xX Ys Z 
March 1947 

0600 A 210 260 0. 50 31 36 0. 80 2 0. 98 1.50 

February 1946 
1200 A 230 250 .40 35 35 60 |. 3 
10.. 1800 B; -00 -00 
1800 A 170 220 1,25 35 34 3 86 1.08 
0000 A 260 270 38 50 .10 20 1 05 05 
1800 A 260 270 -15 40 38 3 ~25 
0000 A 230 250 40 35 . 50 2 67 

December 1944 
8.. 0000 A 190 210 1.30 33 29 1.50 a , pias 3 1.16 .38 
beeen 0600 A 180 230 1.20 32 30 1.50 Ng ree 2 1.580 1.16 
1800 A 230 250 40 36 37 45 2 . 67 

November 1942 
0000 A 250 250 .30 33 30.5 3 
1200 B, 190 230 1.10 32 32 1.40 2 1.50 

January 1943 
0600 A 250 250 .30 39 39 . 35 35 15 1 
1200 A 260 270 15 338 33 . 90 2 .87 89 
0600 A 180 210 1.40 33 B 1.50 2 1.50 149 
1200 A 240 240 33 30 1.50 2 1.37 6 


* Pressure difference between Caribou, Maine, and Gander, Newfoundland, taken from surface map. 
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GILES COLO AIR AT 700 MB. EXISTS WEST OF WavE 


Ficurg 25.—Charts showing correlation of mean values of observed 
amounts with values of the number of miles that cold air advection at 
extends west of surface pressure wave. 
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TEMPERATURE GRADIENT AT TOO MO. (%C. PER GOO MILES) 


Fiaure 26.—Chart showing correlation of values of temperature gradient at 700-mb. 


level with mean values of observed amounts of precipitation. 


Ficurg 27.—Chart showing correlation of mean values of observed relative humidity 


at 850 mb. with mean values of observed precipitation amounts. 
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TESTS OF OTHER VARIABLES 


In the course of the selection of significant meteoro- 
logical variables to be related to precipitation amounts, 
several of those which experienced forecasters have be- 
lieved to be of value in making precipitation forecasts were 
tested. Use of a simple graphical method for relating 
these upper-air factors to observed amounts of precipita- 
tion demonstrated that for this type of forecasting they 
were, on the whole, insignificant. Charts were constructed 
for such variables as (a) cold-air advection at 700-mb., 
(b) the 700-mb. temperature gradient, and (c) the moisture 
at 850 mb. In each case the variable to be tested was 
first — on a graph as the abscissa, and the corre- 
sponding precipitation amounts were plotted as the ordi- 
nate. Then the variable was divided into several sections 
or classes, and the mean amount of precipitation was de- 
termined for each. The curve which was finally drawn 
from these mean values was taken to indicate the degree 
of dependence of the preciptigtes amounts upon the vari- 
able being tested. Because this method of testing was 
elementary, the results cannot be considered conclusive; 
the joint relationships provide a field for further research. 


COLD AIR ADVECTION AT 700 MB. 


The influx of colder air from the west at the 700-mb. 
level has been suspected by forecasters of being the ex- 
plosive necessary to set off wave developments. The sub- 
sequent advection of colder air to a position over the warm 
coastal waters has been assumed to have two major effects: 
(a) of increasing the potential energy of the area; (b) of 
increasing the vertical instabilit of the air (that is, the 
steepening of the temperature lapse rate). Since both 
effects might probably lead to increased precipitation, a 
test of the effect of this variable on precipitation amounts 
was made, following the graphical method outlined above. 
Figure 25 is the graph resulting from plotting the observed 
precipitation against the number of miles the cold air ad- 
vection at 700 mb. extended west of the surface wave, as 
determined from the orientation of isotherms and contours. 
Contrary to the belief prevalent among forecasters, this 
diagram indicates little relationship between the proximity 
of cold air advection at 700 mb. and subsequent precipita- 
tion amounts at Boston. 


TaBLE 5.—Contingency table based on the probability curves of Figure 20, for the 24 test cases 


COMPUTED PRECIPITATION (Inches) 

0—Trace 01—.19 -20—.49 -50—.99 1.00—1.49  1.500rmore | Total cases 
2 4 5 2 3 24 
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In 61 cases for which oe mgd analyzed upper-air 
charts were available, the cold air advection was further 
tested by extracting from the 700-mb. chart for each case 
the subsequent 12-hour temperature change over the orig- 
inal position of the storm. The following results pointed 
to no generally significant effect. 

(a) 27 cases showed a falling temperature change. 

(b) 34 cases showed rising temperature or no change. 


THE 700-MB. TEMPERATURE GRADIENT 


The 700-mb. temperature gradient, expressed in degrees 
centigrade per 500 miles, was determined by getting the 
temperature difference between a point near the storm and 
one 500 miles back into the cold air. The curve shown in 
Figure 26 indicates little apparent relationship between 
the temperature gradient as determined here and subse- 
quent precipitation amounts recorded in the Boston area 
for 43 cases. 


MOISTURE AT 850 MB. 


The amount of moisture near the 5,000-foot level has 
also been suggested as a useful factor in determining future 
recipitation amounts. In this test the mean relative 
tobe «rg used as a measure of the moisture content, was 
determined along a path from a position directly over the 
storm to a point 300 miles upwind, unless the path inter- 
sected the trough in a shorter distance; in that event, the 
mean relative humidity was determined only as far as the 
trough. The plotted curve of Figure 27, based on 61 
cases, shows that the relative humidity measured in this 
way has little relationship to the precipitation amounts. 
Substitution of mixing ratio for the relative humidity gave 
similar negative results. 


ADDITIONAL VARIABLES 


Several other variables tested were: (a) the distance 
between the forecast area and the path of the storm, 
measured along a line normal to the storm path; (b) the 
deepening of the storm between the time of beginning of 
the forecast period and the time the storm passes the fore- 
cast point; (c) the length of the precipitation period. 
These three variables were found to be significantly re- 
lated to the precipitation amounts. Unfortunately, these 
variables, which themselves must be forecast, are usually 
as difficult to determine as is the precipitation amount. 


CONCLUSIONS 


The results of this study — demonstrate that 
objective techniques can be utilized advantageously in 
forecasting precipitation amounts for winter coastal 
storms. Parameters X, (the 850-mb. wind direction above 
the storm), X, (the 700-mb. contour direction over the 
storm), X; (the latitude of the surface storm), and X, 
(the minimum latitude of the 700-mb. contour through 
Boston) are all significant factors that can be easily de- 
termined and effectively used for objective forecasts. 
However, it is also evident that the introduction of the 
secondary variables entails some loss in simplicity and 
objectivity of method, upon which so much emphasis has 
been laid, although elimination of the secondary variables 
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is not justifiable in the light of forecast results. For 
instance, the correlation coefficients between the observed 
and ym te amounts of precipitation for those cases 
used to develop the study, including no-rain cases, were 
0.74 when the primary variables alone were used, but 0.84 
when the secondary variables also were ap lied. Corre- 
sponding correlation coefficients for the test data were 0.85 
when all variables were used, but only 0.78 when primary 
variables alone were ~_ ed. 

The fixed periods an the precipitation classes of the 
conventional, official forecasts issued by the Boston Fore- 
cast Center prevented comparison of those forecasts with 
the storm total forecasts obtained by the objective method. 
However, the correlation of 0.85 for the test cases might 
be compared with the 0.69 correlation Brier obtained in 
his application of objective techniques for the T. V. A. 
Basin forecasts. 

The seemingly insignificant relationship between the 
precipitation amounts and some of the upper-air factors 
must be interpreted with caution. The results, which 
apply only to this study, do not necessarily lend themselves 
to generalization. 

ere are, of course, other factors influencing quantita- 
tive precipitation which have not been utilized in this 
study. Some, such as the processes of vertical motion 
and divergence, still await some effective means of 
measurement. 
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TaBLE 1.—Mean dynamic height (geopotential) in units of 0.98 mic meters, temperature in degrees centigrade, and relative humidily in : 
percent, for standard pressures, as obtained by radiosondes during August 1948—Continued we 
Oklahoma City, Okla.| | Omaha, Nebr. Phoenix, Ariz. Pittsburgh, Pa. Portland, Maine | Rapid City, 8. Dak.| St. Cloud, Minn. Me 
(969.3 mb.) (978.7 mb.) (969.2 mb.) (972.7 mb.) (1,012.0 mb.) (902.8 mb.) (977.8 mb.) Bh 
z lez |é@ zia Z Zz & 
Surface........| 31) 391) 25.6 31} 24.7) 71 339) 34.1) 33 20.7 31 18.3) 83 19.9} 63) 31) 317) 194) 82 
31} (*) 31) 19} (*) 54) (*) 140} (*) |....| 31] 122] 19.9) 78 81 ----| 31] 138] 
31) 369] 27.2) 31} 572, 24.3) 61 526| 34.8) 28 501} 20.9) 64) 31)  571| 19.0) 67 537 31] 21.6) 63 
1,047) 24.9 31} 1,042| 21.8} 30) 1,009) 31.2 1,053} 18.2) 64! 31| 1,028} 16.0] 68) 30] 1,006 1,035] 19.1) 50 
31| 1,546) 21.6 31) 1,536, 18.6) 61 1,518} 26.9) 34 1, 540} 14.6, 67) 31) 1,511) 124] 72 1,504) 21.9) 43) 31) 1,524) 161) 58 
Si. 31} 2,069] 183) 54) 31) 2.054) 15.7) 57 2,050) 22.3) 40 2,050! 11.1} 69} 31) 2,018; 66) 30) 2,027 187| 41| 2.037) 129) 55 
31) 2,618) 14.8) 53) 31) 2,603) 126) 49 2,611) 17.6) 45 2,594) 7.7| 62) 31) 2, 6.3) 64) 30) 2,580) 14.7) 42) 31) 2,581) 9.4) 54 
900. 31} 3,200; 11.0) 51) 31) 3,175) 8&7| 47 3,192} 12.6, 49 3,151] 44) 31; 3.114) 34) 58 3, 157| 10.5) 44) 31] 3.145) 64) 50 
31) 3,813} 6.9 31) 3,787) 4.6 3,813, 7.8} 50 3,756) .9| 53| 31) 3,711) —.2| 57 3,760] 45) 31] 3.752] 3.0) 47 
31) 4,468) 2.6 31} 4, 47| 20) 4,463) 29) 51 4,301| —2.4| 43] 31) 4,348) —3.7| 53| 4,420} .9| 50) 31) 4.303] —1.2) 45 
166) —1.9| 49] 31) 5,130} 42) 20) 5,167; 49 5,081, —6.1| 37| 31) 5,029) —7.4| 30) 5,110] —4.4) 54) 31] 5,083) —5.3] 38 
28| 5,918} —6.4| 40) 5,869] —9.0) 40) 20) 5,915) —6.3) 46 5,816|—10.9)....| 5,766\—121| 43| 5,857) —9.7| 52] 31] 5,824|—10.0) 36 
28| 6,741|—11.2| 33] 31) 6,688—14.3| 34) 29) 6,747\—11.3) 41 6, 30| 6,570|—-17.4| 44 6, 670|—14.8| 40] 31| 6,637\—15.4| 38 
28) 7, 31) 7, 29) 7,628\—17.1| 41 7, 7, 437\—23.6)___. 7, 546|—21. 1|....| 7, 509|—21. 
25| 8, 20) 8, 464) —28. 8,398 —30.8|...-| 30) 8 477\—20.1).._ 
2B 10, 982|—41. 30} 10, 866/—45.0)....| 28) 10, 973/—43. 10, 30] 10, 702, —47. 10, 843|—45. 7) 10, 788|—46. 
21) 12, 30} 12, 325/54. 6).-..| 28, 12, 440/—54. 6)... 12, 12, 30), 12, 300|—53. 27) 12, 230] ~83. : 
19| 1%, 307,58. 28) 13, 25, 13, 283, --61. 13, 085|—56.6 28, 12, 29) 13, 151|—57. 1) 25] 13, 088|—55. 
18) 14, 13) 14, 221 —67.0)___. 14, 056|—59. 1|_--_| 26) 13, 28) 14, 120|—G0. 18) 14,078) —57. 
11] 15, 367|—67. 24) 15, 249/65. 15, 192|—61.8 24 15, 103 —58.8___- 23) 16, 2541-68. 
San Antonio, Tex. San Juan, P, R. Santa Maria, Calif. |SaultSte.Marie,Mich.| Spokane, Wash. Swan Island, W. I. Tacubaya, Mexico a 
(984.5 mb.) (1,014.3 mb.) (1,005.5 mb.) (989.8 mb.) (930.3 mb.) (1,012.5 mb.) (774.7 mb.) , 
Surface. 240° 29.8) 53, 31 26.6 83 3 15.1 31 721 21.3) 42, 31 10) 27.1! 92, 2,306, 16.6) 72 
31} 100, (*) |....| 31) 140) 25.9 83, 31) 118) 14.5 31 89) (*) |....| 31) 120) 269 80 30) 67) (*) |... 
Oe 31 28.4) 53] 31) 505, 22.8] 85, 31) 562 15.9 31} 540, (*) 31} 23.4) 82) 532, (*) 
31) 1,038) 25.0} 31! 1,062) 19.9 83) 31) 1,017) 21.5 31| 1,007; 19.4) 42 1,044] 20.8 74) 30) 1,008) (*) 
31, 1,537, 21.4) 50) 1,554 17.0, 78| 31 1,511) 20.2 31} 1,405, 15.2) 48, 1,537) 18.3) 65) 30) 1,503) (*) 
31, 2060; 17.5; 2.070, 14.9) 62 31) 2,038) 17.4 31, 2005, 11.0) 54 31) 2.055) 15.7) 54 30) 2.031) (*) 
31 2611 13.9, 57; 31) 2619 123) 50 31) 2584 14.1) 31} 2.542) 68) 59) 31) 2607) 127) 47 30) 2.583) 146 
31! 3,187, 10.3) 51) 31) 3,1 8.8) 48) 31) 3,156, 10.9... 31) 3,103 29) 60 31! 3,178} 9.4) 30) 3,161 10.2 
31) 3,801 6.8) 45) 31) 3,801) 5.2) 45) 772 3,609 —1.0 54, 31) 3,796) 5.7, 49 30) 3,777 5. 
31) 4,453, 3.1) 40) 30) 4449) 422 31) 4,335) —5.0| 46 30, 4,441) 1.9 47, 30) 4.426 1 
31} 5,160) —.7| 38, 30, 5,146) —24 120, 31, 5,011 —9.6) 48, 30) 5,146 —1.9 46, 30) 5,125 —3. 
31, 5,909 —5.2| 35 30° 5,896 —6.4 871) 31, 5,743 44 5,802 —6.4 44 29) 5,872, —6. 
se 31, 6,742 —10.0)....| 30, 6,720|—11. 5) 693 31) 6,537 —19.6) 44, 30 6,723 42 28) 6,699 —11.3 
7,606\—17. 5, 572 30, 7398, 28.0)... 30, 7,604'-16.9, 40, 28| 7, 583'—17.2 
31| 9, 30| 9,693, —33.4 646 30} 30; 9,695 —32.6)----| 27) 9,672 —33. 
31) 10,992 30, 10, 947|—43. 4 896 30; 10,622, 10,953 —42.6 25| 10,924 —43.6).__. 
12, 30) 12, 409, ~55.2 362 30 12, 061'—88.7 BO) 12,418 24) 12, 384) —56. 
31| 13,322, —58.6|....| 29) 13, 250 —61. 4 29) 12,92) 30, 13,258.61. 16) 13, 216, —62. 8)... 
15, 15,273 —71.5 28, 15,076 —55.5|.__| 21) 15,283 
7| 16,720 20 16, 591-72. 4 16, 500 —56.2)....| 10. 16,584 
Tampa, Fila. Tatoosh Island, Wash. Toledo, Ohio Washington, D. OC. 
(1,015.4 mb.) (1,013.2 mb.) (993.9 mb.) (1,013.6 mb.) 
25.31 87} 31} 31) 13.2} 94) 31) 191) 19. 31 25) 22.5) 83 
144| 25.6) 85| 31] 141] 12.6; 92] 31) 138) (*) 31] 143) 23.0) 76 
22.4, 84) 31} 580} 11.6) 85| 31) 21.3) 55! 31) 592) 21.5) 65 
1,064] 19.7) 80| 31] 1,023; 10.3; 77| 1,050) 17.9] 58} 31) 1,058) 18.6 64 
1,556, 16.8) 77} 1,498] 8.5) 31] 1,537) 14.2) 31) 1,546, 15.5) 60 
2,071| 13.8] 75| 31| 1,997] 31| 2,046] 10.8) 57| 31) 2,058) 12.2) 60 
2,614] 10.8} 31) 2,534) 58) 31) 2, 50; 31) 2.599, 8.8) 56 
3,185) 7.5 31; 3,081} 31) 3,148} 5.1) 44) 31) 3,164) 5.2) 57 
3, 4.1) 67 3,679 —2.8| 49} 31] 3.753} 1.8) 40 3,769, 2.0 
4, .5| 66 4,304, —6.4| 54) 31] 4,392) —2.0| 38 4,410; —1.7| 49 
5, 132| 66 4, 934) —10. 4 31) 5,078) —5.9| 35) 30, 5,005 —5.9| 46 
5,883) —7.4| 62 5, 707|—15.2} 45| 31) 5,819 —10.5|___. 5,838 —10.3) 42 
6, 704) —12. 2 30, 6, 502|—20.6)....| 30) 30, 6,646, —15. 
7, 589 —17.8 30, 7,500 30, 7, 523|—21. 
576/-24.5|....| 30, 30, 8, 30, 8, 494/—28. 
9, 680, —32. 6) 8, 385) —42. 3 30) 9, 548|—37.6)....| 20; 9,575) —36. 5)... 
10, 987, 30, 10, 29, 10,813 —45.9)._.. 
12, 403) —54. 12, 12,238) 24) 12, 275 —54.3) 
13, 243, —60.7|....| 20) 30) 23) 13, 122) —57. 
14, 185|—66. 5|....| 27) 17) 14, 071/60. 
15, 274) 25) 15, 20) 15, 167, —60. 15, 219) 
16, 22} 16, 622 17) 16, 543, 


! Data not yet received. vations.) Relative humidity data are not published for standard pressure surfaces 
(*) Temperature and relative humidity data for this level are not available or areavail- having a corresponding mean temperature below —20° C. 
able only for certain days. See note entitled “Change in Summarization of Radiosonde All relative humidity observations are obtained by electric hygrometer and have been 
Data,” p. 6, in the January 1946 issue of the MONTHLY WEATHER REVIEW, adjusted to compensate for the values occurring below the yor range of the humidity 


element. For explanation of the adjustment see article entit “Curve Method for 

Note.—All observations scheduled between 0300 and 0500, G. C. T. except at Ciudad ” a 
Victoria, Mazatlan, and Merida, where they are taken near 0200,G.C.T. ‘‘Numberof en — y Means of Relative Humidity,” p. 241, Montay WeaTaee Review 
observations” refers to those of dynamic height only. (In a few cases temperature or None of the means included in these tables are based on less than 15 observations at the 
humidity data may be missing for one or more standard pressure surfaces of some obser- _—gurface or 5 at a standard pressure level. 
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north (N=360°, E=90°, S=180°, W=270°). 


TABLE 3.—Free-air resultant winds based on rawin observations made near 0300 G. °C. 


Hatteras, 
N.C 
(3 m.) 
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227 
228, 
233) 
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greater than three. See note following 
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Santi 
Mari 
Calif 
(72m 
31) 273) 
b| 324) 
r| 31) 206) 
| 31) 14 
31} 95) 
31) 200) 
31) 236 
| 31) 240) 
| | 31] 245 
al 31} 240 
| 31 13.3] 27] 200/14. 0] 21) 4] 24) 261 
. | 31 20. 4) 19} 291/13. 16) 238/19 0| 23) 229 
31 23.1 301/18. 20| 239! 
17 18. 4). 19} 230 
rd Norte.—Resultants prepared from rawins at high altitudes are biased toward lower when the number 5 
1 wind speeds. Values appearing in this table should therefore be used with caution Table III in the June 
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RIVER STAGES AND FLOODS FOR AUGUST 1948 


Avousr 1948 


Exmer R. Neison 


River stages during August were mostly above normal 
in the U. S. except in the New England States, most of 
the Obio Basin, and at a few other scattered points. The 
greatest positive departures were at Van Buren, Ark. 
and Swan Lake, Miss., where the river ane averaged 
9.2 and 9.0 feet above normal, respectively. e greatest 
negative departure was at Pueblo, Colo., where the upper 
Arkansas averaged 2.7 feet below normal. Precipitation 
was very spotty, with approximately two-thirds of the 
country receiving deficient precipitation. The Bei 
precipitation (twice normal) occurred in central Virginia, 
southern Mississippi, and western Washi n. 

Serious flooding of farm lands occurred along the i 
Branch, northwest of Norfolk, Nebr., and in the lowlands 
east of Pierce, Nebr., during the second week of August. 
Excessive rains near Frankfort and Dover, Kans., caused 
the Black Vermillion Creek to rise to the highest stage of 
record and the Mission Creek to overflow a considerable 
amount of farm land. Moderate flooding occurred along 
the Blue and Republican Rivers in Nebraska and Kansas 
and along the lower James River in Virginia. Unusually 
heavy rains over the upper French Broad caused flooding 
at Asheville, N. C., on the 3d and 4th, with some damage 
to crops along bottom lands. 

Atlantic Slope drainage-—Moderately heavy to heavy 
rains during the first 4 days of the month over the James 
River Basin in Virginia produced crests 3.5 to 7.7 feet 
above bank-full stage at and below Bremo Bluff, Va. 
Very little run-off resulted from the heavy rains on the 
Ist and 2d over the Maury (3.30 inches), Pedlar (3.01 
inches), and the Rivanna (3.13 inches) sub-basins due to 
the dry soil conditions. The rains on the 3d and 4th 
were heaviest over the northern tributaries downstream 
from Balcony Falls, Va., averaging 3.90 inches over the 
Hardware River and 3.03 inches in the Tye drainage 
areas. Only minor damage resulted from the overflows. 

Heavy rains over the headwaters of the Roanoke River 
on the Ist (nearly 2 inches), 3d (1.50 inches), and 4th 
(1.33 inches) produced rapid rises to above bank-full 
stages at Altavista and Randolph, Va., on the 5th and 
6th. The severest flood since the summer of 1941 occurred 
in Roanoke, Va., due to a torrential rain on the afternoon 
of the 3d. More than 2 inches of rain occurred in slightly 
over an hour. Two deaths occurred in the western end 


_ of Giles County as a wall of water swept down the hollow 


between Rich Creek and Glen Lyn, washing away a sum- 
mer dwelling, a sawmill, and a bridge. "Siveent stores 
and basements were flooded in the low-lying areas of the 
business district. Several motorists were marooned, as 
U. S. Route 11 just east of Elliston, Va., was covered 
with water to a depth of 3 feet. Lowland crops along 
the upper Roanoke were damaged from the overflow. 

Light flooding occurred in the Santee River System in 
South Carolina due to the heavy rains that averaged 3.72 
inches in the 48-hour period ending on the 4th. No dam- 
age of consequence occurred. 

Bank-full stages were exceeded on the Savannah River 
below Augusta, Ga., on the 6th. 

East Gulf of Mexico drainage.—Minor flooding occurred 
on the Apalachicola River at Blountstown, Fla., during 
the first half of the month, due to the heavy rain from the 


2d to the 5th which ranged from 2 to more than 6 inches 
over the upper streams. No damage resulted. 

Missour: Basin.—Moderate flooding occurred along 
the Big Blue at Barnston, Nebr., and Randolph, Kans., 
on the 3d and 4th, due to heavy rain. Excessive rains 
of 15 or 16 inches near Frankfort, Kans., caused the Black 
Vermillion Creek to rise to the highest stage in its history 
—— the crest of 1903 by several inches. The Red 
Willow Creek, a tributary of the Republican, exceeded 
bank-full stage about 8 miles east of McCook, Nebr., by 
2.3 feet on the morning of the 13th. The Republican 
River exceeded bank-full stage twice during the month 
at Cambridge, Nebr. 

Considerable flooding occurred at Dover, Kans., along 
Mission Creek due to excessive local rain (8 to 13 inches). 

Most of the damage resulted from the local downpours 
and very little from the overflowing streams. Two lives 
were lost on the Black Vermillion Creek. 

Arkansas Basin.—Minor flooding occurred in the Ar- 
kansas River Basin between the 12th and 16th due to 
the heavy rains which averaged 3.70 inches, over the 
Caney River basin above Bartlesville, Okla., and 3 inches 
over the Verdigris below Coffeyville, Kans., during the 
72-hour period ending at 7 a. m. on the 14th. Bank-full 
stage was reached on the Arkansas River at Great Bend 
Ark., on the morning of the 12th. No damage resulted 
from the overflows. 


FLOOD STAGE REPORT FOR AUGUST 1948 


River and stage 
Fr m— To— Stage | Date 
ATLANTIC SLOPE DRAINAGE 
Feet Feet 
James: 
19 4 5 22.8 5 
18 4 5 25.7 5 
_ 12 5 6 16.5 5 
oke: 
10 5 5 24.6 5 
21 6 6 22.3 6 
3, 6 4 6 8.0 5 
14 4 5 17.2 5 
Catawba: 
ll 5 5 12.0 5 
EAST GULF OF MEXICO DRAINAGE 
bs 1 1 15.0 1 
Apalachicola: Blountstown, 15 5 15 18.9 
MISSISSIPPI SYSTEM 
Missouri Basin 
Red Willow: McCook (near), Nebr.__- 12 
Republican: Cambridge, 5 { 6.1 26-27 
Big Blue: 
eee 18 3 3 22.6 3 
ae 22 4 4 23.1 4 
Osceola, Mo.............----------- 22| July 31 4} 23.7 2 
31 | July 26 5 32.8 3 
Lakeside (Bagnell Dam), Mo--_.--- 60 | July 17 7 61.2 1,3,4 
Arkansas Basin 
Caney: Bartlesville, Okla__..........-. 13 15 16 16.6 15 
Verdigris: Inola, Okla_-._....-......-.- 41.5 15 16 42.6 16 
Arkansas: Great Bend, Kans__....__--- 8 12 15 9.6 15 
1 Provisional. 
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MONTHLY WEATHER REVIEW 


CLIMATOLOGICAL DATA FOR AUGUST 1948 


CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 
[For description of tables and charts, see Review, January 1943, p. 15] 


In the following table are given for the various sections lowest temperatures, the average precipitation, and the 
of the climatological service of the Weather Bureau the greatest and least monthly amounts are found by using 
monthly average temperature and total rainfall; the sta- all trustworthy records available. 


tions reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting 
least total precipitation; and other data as indicated by 


the several headings. 


The mean temperature for each section, the highest and 


The mean departures from normal temperatures and 
e greatest and ay pm are based only on records from stations that 
ave 10 or more years of observations. Of course, the 


number of such records is smaller than the total number 


of stations. 


Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section 
Station Station Station 
In. 
Alabama...........} 79.3) —0.5| 3 Valley 3.77 Mobile 
Yuma 2 2. 05 Crown King. 
4. 25) West Fork. .........-- 
Alton Freeport. ............. 1.84 Oregon Power Plant. 
Salamonia_ 2.01 Mt. Vernon Water 
Works. 
2 2. Lake View. _.........- 
Beaver 2.17 Brownsville Lock. 
Maryland-Dela- Glenelg, Tonoloway, 6. Leonardtown, 
ware. 
Minnesota.........| 69.4) +1.7| 3. 
Missourl 3 104] 22] 2 2. Pleasant Hill.-.......- 
Fish Creek Ranch Kyle Canyon R. 8-_..- 
New Water Works, 2.44 Plymouth, N. 
New 2 5. Chatsworth... 
North Carolina... Monroe. ...........--- Banners Elk. J 5.27 
North Dakota___... 1. 82 Foxholm Wildlife Ref 
Cc Norwalk. ............. 2. Cleveland, Shaker Hts 
-------------| 63.1) —2.1| Lake Creek........... Chemult.............. . 87 
Pennsylvania. Marcus 3. 67 Chadds Ford.......... 
South Carolina... 3 stations...._. 4.33 
Zion Nat’! Park. Woodruff. ............ Santaquin. -.......... 
62.6) —2.9}____. Stockdill 2. 03 Mt. Baker Lodge. 
West Canaan Valley ........ 3.96] —.13} 
Wisconsin. ......... La Crosse_..........-- Coddington........... 1.94 
Wyoming.......... Red Yellowstone Park. 
Alaska (July) —2.1| Circle Hot Springs... Point Hope. 3. 
2 stations_............- Haleakala R. 5. Tiiiliula Intake. 
Puerto +.7| Aguirre. .............. Garzas 7. Garzas 
1 Other dates also. 
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SEVERE LOCAL STORMS FOR AUGUST 1948 


The table hereunder contains such data as have been received concerning severe local storms that occurred during the month. A revised list will appear in the 
t United States Meteorological Yearbook] 


Place Date Time Character of storm Remarks 
| tem | 


: 


000 andrain_| Some hail emenget to nS automobiles, and gardens. A little : 
$250, wind damage to onsiderable damage to automobiles, 
basements, roads, streets, and _——— by heavy water run-off. a 
Cuero A De Witt 1] 4p.m ae 0 25,000 | Tornado...........- Damaged 3 hangars; scattered 25 airplanes; 10 planes completely nf 

olis' 
Douglas, Wyo 1 | 124 401, 100 | Wind and hail____-- 100 damage to livestock and 


fed. 

property 

Missoula, 56p.m Hail and Hail caused little damage. Heavy water run-off caused considerable 
id damage to basements, roads, and streets ix 


2:small bridges washed out by floodwaters. 
os 15, 000 | Hail Hailstones size of golf balls. Principal damage to corn, sorghums, me 
dens. Path 10 miles long. mn 
Morland to Penokee, 2 | 3:45-4:45 p, 50,000 | Hail and Chiet from hail. In Morland, 25 of windows 
Graham County, Kans. Hailstones accumulated to depth 6 inches in places < 
Siemwey, resulting in heavy fog in which 2 collisions bene g 
Feed crops destroyed. Path of storm 8 miles — 
Cass County, Mo........... 2 | 4:30 1, 500 Storm from northeast occurred at Pleasant Hill over area of 1 
square mile. Automobile tops, trees, and flowers damaged; . 
some corn blown down. Hailstones $6 to 36 inch in diameter. i 
Crop damage estimated at $1,000, included in total. i 
Russell County, Kans._....- 2 | 430-7:30 p. m..- 110 1 1,000 | Wind, hail, andelec- | Occurred over strip 30 miles long through Russell. Some damage to ie, 
crops. 1 man killed by 
Shawnee and Wabaunsee 2| 11 p. m.......... 15 200,000 | Hail, wind, and rain_| Storm centered near Dover. Reports indicate downpour of 8 to 13 
Counties, Kans. inches of rain. Hail destroyed many acres of corn. Several barns 
and outbuildings demolished. Room flooding by Mission Creek if 
and small streams. Damage to highways and bridges, $50,000; a 
to buildings, $50,000; to crops by hail, $100,000. ab 
2 10,000 | 2,persons drowned when sawmill and dwelling washed away. 
2,000 | Thunderstorm and | 0.80 inch of rain in 55 minutes damaged powerhouse and government 
of Grand Canyon, flash flood installations on North Rim of Grand Canyon and in canyon ‘ 
bottom. Large sections of flume washed away, and creek bottom i 
in several places dammed by rock and mud slides. Power and Be 
(near Pen- Hall end clectrical...| Storm contared near Adama, with hails large as . 
Umatilla Count 250, 000 = cen near w tones as apricots 
dileton and Adame), Oreg. reported. 8,000 acres of wheat largely spoiled; ranchhouse win- 
dows San. Some grass fires started by lightning. 
Ismay, 4 Severe damage to small grains and windowpanes over 30 mile path. 
Wickenburg, 5 | 67 p. m. 100,000 | Rain and wind_____- 2.25 inches of rain in 1 hour eaused rapid run-off from side washes that 
run into Hassayampa River. 3 auto courts extensively damaged 0 
by water and high winds. Sidewalks washed out; several auto- 2 
mobiles cov: with silt and boulders. Many trees blown wa 
damaging roofs and interrupting power and communication 
lines. Extensive washing of orchards and gardens. o 
_..| Hail oon — hail, up to size of walnuts, caused considerable damage . 
w 
200,000 Severe damage to small grains over path 6 miles long. 
500,000 | Hail and In path tong boll sovere to wheat 
winds caused $10,000 damage 
pro. 
6 | 5-5:45 p. m_____- Damage to pad over path: £9 mifies lone. 
Hail and wind-..... Heavy hail, size of golf balls, caused severe damage to small 
and $1,000 damage to build ore pet SS long. 4 
farmers reported 100 percent to grains. $3,000 ty to 


Se and and 
000 | Hail. were damage to smell grains corn some damage to build- . 
000 j.-... Diicciiudeianaad Heavy hail, some size of hens’ eggs, erable damage to 
small grains over path miles long, 


9-9:30 p. m___..- . caused considerable damage to grains 

140, 000 | Damage to small grains over path 50 miles long. 

Evening... ..... 27, 000 ang Rocks and debris on roads northeast of Crown King. 


Q 
‘3 
< 
B 


Scobey (near), 


Culbertson (near), Mont-__- 


4-4:20 
5-5:10 p. m__.... 


Terry (near), Mont_......... 6 | 8:30-9 p. m_.._-. 14 400, 
Glendive (near), 6 | 8:30-8:55 p. 12-6 |.-.... 175, 


Grete 


ARABH 
= 


in vicinity of Cleator. Canyons in vicinity of major down: 
washed out to bedrock Observer estimated 8 faces of take be 
storm center in about 14 hours. Telephone a power lines out 
M Hail and wind lone. High wind 

caused $10,000 000 damage to property 


Lodge Grass, Mont... 7 | 4:55-5:30 p. m__. 200, 000 Heavy hall up to 1 inch in diameter damaged wheat and sugarbeets; 
some damage to gardens and windowpanes. 
Miles City (near), 100, 000 Considerable damage to small grains and alfalfa over pach 30 mils 


Some farmers suffered 100 percent loss of crops 
Counties pei i an y in path about near 
<0, up to inch in 
Ca Most damage to farm cro 
Hailstones, up to % inch ch in diameter, caused severe damage to small 
grains over path 12 miles long. 
Considerable to severe damage to small grains. 100 percent loss of 
unharvested grains in some areas. 
Most damage to cotton; eS on ail damage to 
crops, $90,000; to d damage, $1000. 
Hail damage, $4,000; win $1,000, mostly to cotton. 
Severe damage to small hong corn, and sugar beets. 
Some Cae to peas, small grains, and soft-leaf crops. 

Struck Lann Ranch, " travelling from southwest over path about 
3 miles lo “Batre hail, size’ caused severe 
to ay, peas corn, and potatoes. ““The 
was completely coven hail and had not melted in hay 

until noon next day.” 


173 

3 

Mildred, 

Westmore, 
ation isolated for 3 days. ightning struck Golden Crown 
Mining Corporation’s main structure. Major damage to mining : 
tunnels and pumps by flooding. Corrals and barns washed out 
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SEVERE LOCAL STORMS FOR AUGUST 1948—Continued 
Width | ross Value of 
Place Date Time of path, | ofiife Character of storm Remarks 
Pyote, Ward County, Tex... 8:20 p. m.....-.. 200 Wind damaged. 1 hangar and an unoccupied 
u 
Va... 9 | 8:30-9 p. m...... $29,000 | Hail and wind. -.... Apples, peaches, and corn destroyed 
Faribault and Freeborn P. het ‘1 100,000 | A of barns, outbuild silos, and windmills demolished; 
Counties, Minn. houses, buildings, and automobiles damaged; trees uprooted or 
branches broken off: cro ae tO in — and growing cro 
signs, poles, and wires windows blown in. 
Faribault Coun- 16 215,000 | places to growing considerable damage to real 
Minnesota (extreme south P.m 25,000 | Electrical........... Several places struck by lightn int Mankato 3 fires started and 
and southeast), considerable damage to power St. Paul, large ee 
was struck and 1 person injured. 

Minnesota (extreme south- 9-10 | P. m.-a@. m...... 300,000 | Rain. Excessively heavy rains that accompanied severe thunderstorms 

central). flooded fields, lowlands, highways, roads, streets, and basements. 
Several small bridges and railroad tracks washed out; much soil 

erosion; trains delayed by landslides; some turkeys drowned. 
ton (10 miles south), 9-10 sae p. m.-2:30 18 Hail and wind.....- damaged 7 to 56 percent. Much of from accom- 

Stanton County, Nebr, a, m. panying gale winds. Bath 15 miles long. 
of), 10 | 1:30a, m..-....-. Ons stripped by wind and some buildings blown down. 
y, Nebr. 

North Topeka, Kans..--....- 10 | 8:58-0:15 a. m-_-.- WPT <cace 000 do. Several build suffered minor onm. F Power and telephone 
1, lines Mmy Ly Much damage to shade trees. One tree fell 

Douglas, Ariz 10 | 2:30 p. 4,000 | Rain and hail. Main partol tows Booded. Water into hotels, banks, and 

offices. washed badly. Some hail damage to 

New London (1 mile north 10 | 3:30 p. m_-...... ORT tienes 100 | Hail and electrical...| Hailstones up to 2 inches in diameter. $10,000 loss to crops and 

and 3 miles west $100 buildings. 

Dodgeville (near), 10 | Afternoon.....--. 500 do Hail d 

Winchester, Css pee 10 | 4:30-6 p. | 5, 000 do $3,000: 2 wooden silos destroyed, $2,000. 

n Townsh 
‘0 
near), Mont._.... 10 | 5-5:20 p, m_....- 19-8] -..- 25,000 | Hail................. Considerable damage over path 10 miles long. Small grains dam- 
Wayne County, Nebr..-..-- 10 | 5:30-8:30 p. m... 000 | Hail and electrical of about to 
ing barn burned from Path 6 miles 

Baltimore County, Md--....| 10 | P. m. Hail. Hallstones, some 3 —s in diameter, fell in areas around Fuller- 
aie Chase, tearing leaves from trees and dam- 

crops 

Genoa, Platte County, Nebr- 15 Lend th threshing machines, hay rakes, and a few barns, 
and win 

Parkersburg, W. Va....-....- 11 | 5-6:20 a, m_ -..| Electrical........... 2 —— struck by htning; damage by fire in one and to radio 
and wiring in other. 

Senet ant muda Dodge 11 | 12:30 p. m..-..-... SO disincs 75,000 | Hail and wind...... Damage to crops; corn stripped. Path 6 miles long. 

ounty, Nebr 

Culbertson, 11 | 3:30-3:40 p.m-_..| 880 |-..... 5,000 | Damage to wheat over path 3 miles lo’ 

Redwillow and Hitchcock 11 | 4-4:30 p. 65, 000 |----- Corn and alfalfa about $30,000" ‘and about 

nls 20, 00 Hitcheock County over a path 6 one. 

Bozeman (near 30-6 20,000 onsiderable damage to smali grains over pa miles 

Ness County, Kans...------ I | 8-9 p. m._-...... 13-18 175, 000 Wind and hail......| Path from 3 miles north of Brownell to south of Besine.”’ 
damage about $75,000, — to barns and in or near 
— Hail damage to crops, $100,000. 

Chambersburg, 11 | Afternoon. 8,000 | Electrical. ....-.--.. buildings, feed, and implements destroyed by 

ghtning 

Allen County, ll Some da to crops, lly corn. 

ee County, 11 1 Electrical. .........- Killed girl, another unconscious 

Ponca City, Ka a ee 12 | 12:30-1:45 a. m 5,000 | Electrical and wind-| Lightning struck 2 houses; aes EE caused $500 dam- 

and Vinita, Craig County, age - another. Power and telephone lines struck, disrupting 
service. 

Sumner County, Kans-....- 12 | 12:30 a. m....... 112 2.008 | Wind. .....1........ | From northwestern pet of county to Anson; high winds at Welling- 
ton. Farm buildings wrecked or damaged. 

St. Louis County, Mo..--.-.-- 12 | 12:10 p. m...-.-.- 880 11, 200 | Wind and hail-_...-.- Storm from west struck Sylvan Beach Airport; 1 hangar blown 
down and another damaged; 7 airplanes damaged. 

Farmville, Va_..---.--.----- 12 | 9-9:30 p. m...... 11K 30, 000 do. Tobacco, corn, and some hay destroyed 4 miles nertheet of Farm- 
ville and in southern Cumberland and mr omg Prince 
Edward Counties. Damage heaviest to earl 

12| P.m 1 Thunderstorm Lightning fire destroyed a nome, causing deat et girl f from burns. 

Vv 12 | Night. Hail and wind “broken, to corn in surrounding area; some windows 

roken 

Beaver Dam, Va-..-.--.---.- 12 8,000 |...-.do Tob troyed. Chimneys and bey ez down. 

Frederick County, 12 |. In area apple and A 

Estherville, Emmet County, 13 | 4-4:25 a. m. do. A number of corn fields west an eth ot at of Estherville stripped. 

Towa. Some high winds. Damage small. 
Opheim, Mont_......--.---- 13 | 3-3:20 p. m-_-..-.- 18 200, 000 do Considerable damage to wheat and barley over path 8 miles long. 
Beenie sot inday, Evening 13 | 3:30-4 p. m _..-| Rain and hail._..... Washed out track; damaged b and grain. 
n Coun’ 
Brewster, “Florence, and 13 | 4:05-4:45 p. m-.- 14 450,000 | Hail........--.------ Hailstones, size of marbles, damaged truck crops, such as cabbage, 
Penrose, C celery, tomatoes, berries, and apples, in path 15 miles long. Some 
damage to roofs and windows. 

Delbatt, Hartley County, 13 | 6:30 p. m_.-...-.- 12 a RS eee Hailstones about size of golf balls. Most of damage to buildings. 

Boat h Coventry and vicinity, 13 | Late afternoon. - 15,000 | Electrical_.......-.- 3 large barns and 4 other buildings damaged by lightning. 

Fractlin Hampshire and 13 | Midafternoon Electrical and hail_._| Serious tobacco plant damage by large hailstones in Connecticut 

Hampden Counties, Mass. Valley. 25 olaap struck by lent. 

Pawtuxet 13 | Late afternoon. 2,000 | Electrical....-...... control pment. Lightning struck 
a church an omes 

Glendive Mont. 13 Severe damage to small grains; from 25 to 100 percent loss. 

Malta (near), Mont_.-.-..-- 13 a Oe 3, 500 do. .-| Considerabie damage to a small acreage of wheat. 

Miles City Mont..-_. 12M) 50, 000 |..--- damage to small grains and alfalfa over path 16 miles 

Rapid City, 8. Dak...-.----- 13 000 | Wind and thunderstorm damaged hangar at Arm 

power lines blown down. Maximum wind of p. hb. 
previous records for August. 
Antelope County (western 14 | 2p, m--....-..-- 13 i eecntncbsnneeaey Hailstones, 1% to 2% inches in diameter, killed small p , poultry, 
portion), Nebr. stripped corn stalks, and matted down meadows. eavy dam 
age to tops of autos and roofs. Path 22 miles Damage 
severe. 

Piymeuth, and Chero- 14 | Late afternoon About 800 Plymouth County farms damaged; northeast corner of 

kee Counties, Iowa. and evening. Meadow Township bore the brunt of storm. Extensive damage 
in southeastern Sioux County ont near Marcus in Cherokee 
County. Hailstones small, damaging soybeans more severely 
than corn; losses varied from neglig bie to 70 percent. 

Vicksburg, 15|9p.m Thunderstorm Severe thunderstorm on a squall line, resulting in winds 
up to 60 m. p. h. in gusts. Damage confined to trees, awnings, 
signs, power and communications lines. Tent ee 
people at religious meeting. Damage considerable 
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SEVERE LOCAL STORMS FOR AUGUST 1948—Continued 
: Width of | Loss| Value of 
Place Date Time path, of Character of storm Remarks 
yards life yed 
Jacksonville, Fla............ 15 | Late afternoon 1 000 | Electrical and wind. t pereem killed by cous in contact with fallen high tension wire. 
$20, ind in gusts up p. h. at Naval Air 
to city electrical equipment $15,000, mostly due to lightning. 11 
os caused by tning, including loss of residence valued at 

Pine Bluff, Ark_...........- 15 | Afternoon. 000 | Rain and wind......| 1.4 inches of rain in 35 minutes caused general overflow of 

wall and roof of auto company caved in, dam 
Winds damaged some roofs and disrupted sev: power lines. 

(near), Mont_...... 16 | 12-12:20a. 12-4 1, 000,000 | Hail and wind. Hail over path 60 miles long. Some wind 
damage 

Vineland (6 miles_north- 16 | 4:45-5:30 a. m_- 15,000 | Electrical and wind ./ 2 barns, a granary, corn crib, tool house, hog shed, 17 tons of hay, 
west of Oshkosh), Wis. and 2,000 bushels of oats destroyed by lightning fire. 

Waukesha (near), Wis_.__.__| 16 | 1:30-2.p. m___._. 12 10,000 | Hafl_...--......... Hellstonss. 4 to 2 inches in diameter, damaged crops; about 800 

acres 

+ are 16 | 4p. m_.._......- 14 25, 500 | Wind............... Damage to 3 windmills. Greatest damage, $25,000, to cotton. 

Baylor (near), Mont._......-] 16 | 445-5 p. m Damage to grains; 100 percent leases in some areas, 

Sharon (near), Wis....... ae! 16 NT ictal 000 at: m ong; only m oss in rural section of Sh 
‘ wind. in its history. Hiaflstones as large as baseballs reported. Barns 
and smaller buildings moved off foundations, silos blown down, 
roofs removed or perforated, hundreds of windows broken, poul 
killed. Telephone and electrical lines damaged. Estimat 
loss to buildings, equipment, etc., $50,000; to poultry, $1,000; to 
crops, mainly corn, $100,000. 
Garber, Clay- 16 | Afternoon.._.-..| | | aa Hail -| Sudden hailstorm, with stones as large as hens’ eggs, caused vari- 
ton County, Iowa. able destruction from near Elkader southward to Garber. 
Harvard, McHenry 16 | 5p. m_.......... Hail and wind... damaged by hailstones, averaging % inch in 
meter. 

Burlington and Walworth, 16 | 5:50-6:10 p.m... = 100 | Electrical, hail, and | Heavy hail, }4 to 2 inches in diameter. Many trees uprooted 

4 wind. e ic and wires torn Small 
steeple at Burlington crashed through slate roof of church. Many 
basements ed. Estimated loss to crops, mainly corn, 

Culbertson, Mont- 16 | 6:30-6:45 p. m 12 400,000 | Hail and wind avtelidheumsharae Sent etensand buildings over path 

pA ae caren Winds caused $15,000 damage to crops and prop- 

Lustre (near), Mont........- 004 VeuMisleicsc. Beccsd..,-1--.-.- 200, 000 do Heavy hail caused severe damage to grains. “Unable to tell what 

grain had in some 

Sargent and Richland Coun- 16 | Late evening__-. 25,000 | Wind Small buildings damaged; crop estimated at $10,000, in- 
ties, N. . cluded in total. Major damage in Lidgerwood and vicinity. 

Whea and vicinity, 17 | 12:10, m___...-. | 150,000 | Thundersquallsand | A number of buildings demolished, moved from foundations, or 
Minn. hail. otherwise damaged; hundreds of trees uprooted or branches 

broken off; communication and power lines disrupted; farm 
machinery damaged; haystacks scattered. Grain in shocks and 

growing crops damaged by light to heavy hail. 

Paul and 17 | 2:40a, m_ 2,000 | Electrical. .......... a ‘Sumber of places struck by lightning; ome injury. 

County, Ill_.-...- Damage to crops, orchards, gardens, pou! ‘arm dings. 
” ae Many cornfields and gardens total loss. Many windows broken 
ee pee severely damaged. Several hundred chickens 
by hail; some hailstones reported to be as large as baseballs. 

Iowa (extreme eastern por- 17 | Lateafternoon. Hail and wind. .....| Storm struck a number of local communities in Clinton, Muscatine, 

‘ Scott, and Jackson Counties, then moved into western Illinois. 
Strong wind between Muscatine and Davenport toppled num- 
estima 

Northern Warren County 17 | 5:45 p. m_....... 11 0 000 | Tornadoand hail_...| Very heavy damage to corn and soybeans by hail. Several cars 
and Southern Mercer i — dat ‘and many windows broken. 10 farm homes practically 
County, Ill. by tornado; a few minor injuries. 

Seales Mound, Jo Daviess 17 | 5:50 p. m.......- 3,000 | Hail... damaged. 

Ogle County, Dl_.........-- 17 | 5:50 p. m........ 115 000 | Hail and wind-..... Heavy damage to corn and soybeans by hailstones, averaging 

1,000, 000 few unroofed and some loss. 
County (northern | Corn and soy seriously damaged ailstones, avi 
ee roofs damaged; many windows broken, and automobiles 

Cetin te Selves Pateae 17 | 6:30 p. m_......- 12 250,000 | Wind and hail____._. | Barns and other farm buildings blown down. Hail damaged 

‘Salle County’ 17 | 6:30 p. m_ 13% 1,000,000 | Hail and soybeans by hailstones, ranging 
ve 5 up to 2 inches in diameter. Many ows shattered. 
Lanark, Carroll County, Il_- 17 | 6:45p,m_-_-...... S82 Licaesa 15,000 do Considerable damage to corn, hay, and gardens by hailstones size of 
Outagamie County, Wis 17 | 7:50-8:50 p. m | Electrical andl wind.| passes period. Wind 
:50-8:50 p.m... u 
y severe in H ville New London area. Power poles felled 

2 cattle killed 6 miles southwest of Darboy, valued at $600. Prop- 
erty damage in =. estimated at $4,000. Damage to utility 

Grundy County, 17 | 8:30 13 47,500 | Hail G@ Paes to cope Some roofs and windows 

damaged. A large number af birds killed. 

Oweness, Christian Coun- 17 | 9p. m.-..-.-.--- 13 do Considerable damage to crops, mainly corn. 
ty, Ill. 

Pittsylvania County, Va.... 19 | 118. m.. 25,000 | Hailnd wind......| Principal damage to tobacco near Rondo, Weal, and Shockoe 

communities. 
menbars, Hanover, and 19 | Late afternoon econ Hail Tobacco and corn damaged heavily in some areas. 
ews Counties, Va. 

Stark County, Ohio......... 19 | Late afternoon. . Rain and electrical..| In Canton 2.28 inches of rain in 2 hours flooded and public 

utility lines were damaged by lightning. Seon dalnsell by 

Glasgow (near), Mont 19 | 6-6:17 p.m 12-6 1,000,000 | Hail en = So mice be — 

Aiken, 8. O............-.--- 19 | Night. ....-2-2-- 3,000 | Electrical, wind, | Grain filled stable destroyed by lightning fire. Storm accom 
rain, and hail. "| by high winds, heavy rain, and fail. Prats glass windows broken 
in several stores, t ¢ blocked, and power interrupted. 

Leonardtown, Md.........-.- 19| P.m 2 Wind and thunder- | High winds capsized a boat with 5 fisherman; 2 drowned. 

Miles City (near), 50,000 | Hail. Damage to small grains over path 8 miles 

Char 21 | 10:30 a. m_ 1 Electrical.......... -| 1 person killed 

P altimore, Md-_.......--...- 21 -m. Rain. Parts of eastern timore heavily flooded. Sidewalks and roads 

washed away; some cellars flooded as deep as 6 feet. 

Libertytown and vicinity, 22 | 3:39 p. m_....... il Hailstones, some 24 inches in diameter, caused considerable dam- 
Md. ody path 5 miles long in and south of Libertytown. Reported 

hail collected to a depth of 6 inches. Garden crops, about 
ele ee about 25 acres of tomatoes and 
crops a comp! loss. Buildings with paper or shingle roofs 
completely ruined. 
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SEVERE LOCAL STORMS FOR AUGUST 1948—Continued 
Width Value 
Place Date Time of path, of life | Character of storm Remarks 
yards 
23 | 4-6 p. m......... $450, 000 SEAS small grains, potatoes, and gardens over path 25 miles 
23 | 5:05-5:15 p. m-_.. 12 .-.--d0 derable to small over path 15 miles 
25 | 4p. m........... 1,000 and A ‘small girl ifted and buffeted about by the storm but not injured. 
County, a 
— Barry 1 Electrical. ....... .-| Man killed by lightning while plowing in field. 
ount 
as miles north), Coal 1 do. Man killed by lightning in field. 
ounty, 
Goodwell, Texas County 26 | 8:00-9:30 p. m_.-|_.........-|...... 000 | Electrical and hail. htning destroyed large storage building at Panhandle A&M 
lege; damage estimated at $15,000. 2 persons in . Small 
area of irrigated pentane between Goodwell and Guymon com- 
tely by hai 
Pi th and Cherokee Remsen in Fh outh County 5.70 inches of rain fell 
ties, Iowa. within a few hours. At Cherokee, 3 fahes fell within 2 hours and 
> total of 4.15 inches reported for storm. Rivers and creeks went 
t of banks; many basements flooded in Storm Lake, Remsen, 
= Cherokee. Crops d in low areas. 
Hawley and vicinity, Electrical and wind.| Winds blew down many trees; electric and tele 
lines. Lightning caused several fires; killed lcow. Boy ntly 
B (10 miles south) and 28 | 6:30 to 10 112 1 000 | Electrical, hail and 1 Reh aie eon on farm and 1 injured 
ruce sou m... y w wor fe 
Rusk County, wind. down. Lightning s power lines and several 
Pelican Lake, Oneida Coun- 11 Man drowned in Pelican Lake when boat swamped. 
y, Ss. 
Marion (near), 4,000 | Electrical. .......... Barn struck by lightning and burned. 
Faribault, Olmsted, and 29 | A. m.—p, Hail, accompanying & thunderstorm, damaged growing 
Winona Counties, "Minn. crops and some real proper 
29 | 1-1:30 p. 8, 650 wind, ant Tobacco destroyed. horse Killed by lightning. 
Olmsted and Winona Coun- 29 | 2:40-7 p. m_....-]_..-..----.]------ 79, 000 ae - a Several Winona County fair buildings wrecked and others dam- 
ties, Minn. sibly ; 100-foot church steeple top pled; a number of barns, out- 
nado), garages, silos, and windmills demolished; many barns, 
ay: and farm machinery damaged; poles, 
and signboards down; many trees newer hay and straw stacks 
a ves 
miles long and southeasterly 
oliowing report 
Fountain City, Wis. ....--.- 29 | 3:30-5:30 p. m__- 14 5 See Electrical, hail, and | Thunderstorm continued from Minnesota, Hailstones about 4 
wind. diameter. During the storm a Northwestern Air- 
lane crashed on the teak: of the Mississippi River north- 
oa of Winona with loss of 37 lives. 
Vernon and Crawford Coun- 29 | 4-8:30 p. m___.-. 1§-10 |_...-- 250, 500 |.-.-- _ eee ee About 1,000 farmers in western Vernon and northern Crawford 
ties, Wis. Counties suffered heaviest crop losses in history, especially to 
tobacco corn; townships of Bergen, Hamburg, Wheat- 
land, and Harmony, and parts of Clinton, Webster, Jefferson, 
Liberty, Sterling, and Franklin had heaviest hail losses of 
Hailstones at Genoa as large as small oranges. Hides of livestock 
y ; chickens killed; many roofs ctured; auto- 
mobile bodies, especially tops, dented. Losses in Vernon Coun- 
tobacce and corn, $50,000; barns burned with =. 
; poultry $500; buildings and machinery, $40 
in County, $140,000. 
Adams County, Rain and electrical. struck by tning. Roads north and west of Pebbles 
Syracuse and vicinity, N. Y_- Electrical and wind - Houses struck ; wires torn from telephone and electric 
poles: "in cars, due to live wires as well as 
fallen blocking streets and highways. Wind 
velocities up to 50 m. 
Shawneetown, Gallatin A. 35,000 | Electrical___........ Ligh tning fire destroyed @ oil tanks and 4,000 barrels of oil. A few 
County, Ill. be ienenine barn filled with harvested crops also destroyed 
y n 
La Crosse County, Wis__.._- 29 | 5:50-6:30 p. m__- Electrical, hail, and | Heavy damage to gore ond tn from Genoa 
af > wind. to Viola; loss estimated at $100,000. Automobile 7 tops damaged 
by hail; joss estimated at $10, 000. 

Winona County, Ops 1,000 | Electrical. ._........ A number of places struck by lightning; 2 in barn; 

church in Lewiston damaged 7 Se, 

Hanover County, Va.._....- 5,000 | Tobacco and late corn damaged in scattered 

Scott County, 29 7. 9,000 | Hail and and corn destroyed at Nickelsville ville and in Big Mocas- 

pe (4 miles south- 29 | 7:30-8 p. m__...- Fe 20,000 | Hail_................ Apples. corn, and burley tobacco damaged. 

, Va. 
Farmville (6 miles east), 29 | 8-8:20 p. m_____- | sao 10,200 | Hail, wind Tobacco seriously damaged. 2 build destro b tning 

Carroll County, Iii.......... 29 | 8:40 p. m____.-_. | | oo 500,000 | Hail and wind-_-_-__. Corn, soybeans, and watermelons suffered heavy damage. Several 
barns and small buildings a large number 
of windows broken, and — 4 planes at the 
Savanna airport ‘ower telepbone badly 
at Mt. Carroll, Savanna, 

w an 

Whiteside County, Tli___.... 29 | 9:30 p.m r 500, 000 do. Most of damage by winds up to 85 m. .h. Corn flattened; some 
buildings wrecked and many others their roofs. A hangar 
at Sterling Airport wrecked and 3 planes badly damaged. Power 
and telephone services crippled. Heaviest in Sterling 

area, but Morrison also hit. 

Wytheville (near), Va.......| P.m 12, 000 In Mt Mt. Pleasant and Fairview Sections. ost damage to to com and 

Iowa (extreme eastern 29-30 | Night Wind and electricel.| hit were cities slong the Mlasiasipy the ty 

por- 000 es were ppi River 
tion). *, area, and Clinton. Line of thunderstorms reached 
mum intensity as they ry eastern Iowa. At Clinton om Airport 
wind estimated at 75 m. aX, . in gusts; at ny wind 
measured at 50 m. p. h. with gusts to 80 m. p 
general in Clinton and with = trees 
power and telephone lines, and minor pro 
struck depot in Beiten in Bettendorf, in tee fire. 
Columbia, 8, 30 | 2:30-4:30 p. 50,000 | Thunderstorm. A ret cavern with moderate hail and high winds. 
person s' 

Belleville (near), W. Va-.... Electrical. Barn causing total loss, valuable horse 
by stroke; man s horse seriously injured whe 
horse fell upon him, 

Chambersburg, Pa.-........ 30 2,500 | wise damaged 3 crop-spraying planes at airport; blew out section 

Gallipolis (near), Galli 30 bars destroyed by lightning fire. 
Forrest City and vicinity, T Widespread damage to roofs, power lines, windows, and 
Ark. Mejor portion of damage occured when rot Irom stock auction 
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LATE STORM REPORTS FOR JULY 1948 


[The table hereunder contains euch defn were sevens Ret A revised list will appear in the United States Meteorological 


Place Date Time a bn of Men Character of storm Remarks 
yards life 
Gam), Mont 1 | 44:30 p. 11K caused considerable damage to wheat. 

Stanford, 1 | 6-6:30 p. Damage to Chest and 

R Mont 440-880 t damage to 500 acres of wheat; some hay fields 

Busby (near), Mont._.._.... 3-3:05 p. m_....- 15 Hailstones, Prenatal a size of walnuts, damaged wheat and 
alfalfa 

Plevna, Mont 3 | 7-7:15 p. m...... 14 Severe damage to wheat, haw, and flax in a path 14 miles long. 
Paint on dwellings dam: 

Wibaux, Mont.-........ 3} 6p. 13 ailstones, size of hens’ eggs, caused severe to 
in path about 6 miles long. Storm from northwest to 
northeast and then returned in a westerly direction. 

Busby, Mont-...........-.-- 3 | 4:30 p. m........ —~7— some as large as hens’ eggs, caused severe damage 
small grains over path 12 miles long. Hundreds of windows 

, roofs, and shrubbery damaged. 

Emory (near), Mont.-....-- 3 | 4-4:30 p. m_.___. Considerable damage to wheat; $50 property damage. 

.--do. Moderate hail caused some damage to wheat and barley. 

Poplar (near), Mont........- 6 | 4-4:30 p. m___._- do 30 percent loss to approximately 2,000 acres of wheat. 

Richey, Mont-_........--.-- 7 | 6:30-7 p. m__---- do _| Considerable damage to wheat; $500 property loss. 

Malta (neat), Mont. do Damage to small grains over path 15 miles long 

7 4:30-4:50 p.m. 123 25, 000 over path chont 6 lene. 

Range 49 rted from 10 to 90 percent loss. 

Baker (near), 9 | 4-4:10 p. m___._- Moderate hail size of marbles, caused considerable damage to flax, 
alfalfa, and range grass 50 percent loss to 200 acres of fiax. 

Talbotton (near), Ga_.....-. 9 | Midafternoon...| 200-300 0 4,000 | Tornado.._...._...- Storm moved down valley section of Talbot County near Talbotton. 
1 heme heavily ; another tly damaged; moderate 
to heavy damages to 10 tenant houses. 

Circle (near), Mont. 10 | 9-11 p. 10 to 20 percent loss to some wheat fields. 

Miles City, Mont. See 60, 000 to 1 inch in diameter, damaged small grains severely 
over path 18 miles long. $3,000 loss to buildings. 

Miles City (near), Mont. --- Hailstones, up to 1 inch in diameter, damaged cro and buildings 
severely over path 12 miles long. $2,000 loss to buildings. 

Martinsdale (near), Mont_-- 10 | 6-7 p. m. 1 house totally destroyed, 14 head of cattle killed by lightning. Hail 
wi by rain “looked like a winter snowbank.” Hailstones 
up to 1 inch in diameter. 

Utica (near), Mont_.._.....- 10 | 5-6p.m Heavy hail, with stones as large as walnuts, caused severe damage to 

Columbus, Mont_.........-- 10 | 4-4:10 p. m — damage to small grains by light hail over path 3 miles 

Shawmut (near), Mont--_.._- 10 | 7:30-8:15}p. m__- hail, some as +e hens’ eggs, caused severe damage to 
Hey grains and bui 

Geraldine, Hailstones, up to 1 damaged wheat and barley 
over a path 20 miles long. 

Letra, Moent...ccccceseo-s 11 | 10:15 Hail damaged small grains. Wind caused $300 damage to a barn. 

pe ee ar ll | 6-4: Considerable hail damage to small in some areas. 

Bozeman (near), Mont--_-...- ll | 4:30-5 Damage to peas and wheat in s areas. 

Cleveland (near), Mont 1l | 4:30-5: Damage to wheat in small area. 

Dillon, Mont................ 11 | 2:30-2:40 p. m_-. Damage to peas and winter wheat over path 10 miles long, 

Terry (near), Mont_......... 11-12 | 5-5:25 Storms on 2 days over Aleka 9 the same area 25 to 50 miles 

11-11:25 p. m. —* A... caused damage to buildings and $50,000 to 
sm: 

Glendive, Mont__........... OP 70,000 | Hail Hailstones, some as large as billiard balls, damaged small grains and 

Stanford, Mont_............. 13 | 3-3:20 a. 60,000 Damage to spring and winter wheat. 

Powder River County, 80, 000 |..... Hailstones, up to 1 inch in diameter, damaged small grains and 

ont. tame hay over ~. & 20 miles long. 

Forsyth, Mont .............. 13 | &6 p. 4 70,000 | Wind and hail. $20,000 wind $00,000 tell to cmall grains. 

Shelby (near), 14 | 5:30-7 p. m_____. Severe damage to mustard over path 2 miles long. 

Vay (near), Idaho. .......... Hail and rain___.__- Garden crops and grain badly damaged or completely destro in 
ba and Woodfairie districts. 6-inch layer of bail repo next 

orning. Heavy rain caused 6-inch rivulets on hillsides. 

19 | 11:18-11:23a.m_. to buildings and small grains. Most of damage to windows 
and roofs of buildings and to greenhouses. 

Whitehall to Three Forks, 19 | 1-1:30 p. m__-__- 13-6 1 50, 000 | Tornado, electrical, | Severe hail damage to small grains and buildings over entire area of 

Mont. and hail. southern Jefferson County and into Gallatin County as far as 
Three Forks, where tornado and severe electrical storm developed. 
Hailstones 144 inches in diameter, and one measured 5% inches in 
circumference. A woman near Three Forks struck by lightning 
and killed while fishing. 

Columbus, 19 Damage to winter wheat and tame hay over path 25 miles 

Clydepark, Mont... ........ he to 1 inch in diameter caused severe damage to wheat 
and buildings. 

Lennep to Harlowton, Mont. 19 | 3-3:30 p. m_..... 150, 000 |... Complete destruction to smal] grains and severe damage to hay over 

af path 40 miles long. Hay and grain lodged. 

Butte (near), Mont........-- 19 | 12:55-1:10 p. m__. 110, 000 |_.... Heavy hail, some as large as golf balls, damaged buildings and 
gardens over path 10 miles long. 

Monarch (near), Mont._..... Heavy hail, some as large as turkeys’ eggs, caused severe damage to 
grains and buildings. 

Stanford, Mont............ al 19 | 2:15-3 p. m...... J EER ee ee Heavy hail, some as large as hens’ eggs, caused severe damage to 
small grains over path 18 miles | $75,000 Gemanet to buildings 
alone at Stanford. Almost every west window in every building 
in town was broken. 

sot Dew Lodge 19 | 10:30-10:55 a. 150, 000 Damage to 500 acres of potatoes and 1,000 acres of wheat. 

ounties, Mon 
19 2:30-2:40 p. m... Considerable damage to small grains and hay. 
1 Miles instead of yards, 
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LATE STORM REPORTS FOR) JULY 1948—Continued 


Width of | Loss| Value of 


Place Date Time path, of perty | Character of storm Remarks 
yards life 
Southeastern Rock and 20 | 3:30 p. m........ 12% , $22, 500 | Hail and rain-__.._- Severe thunderstorm moved northeastward niles fone. to ey 
Southwestern Nobles hail, in in path mes 
Counties, Minn. crops, mostly small 
y v 
Ple 20 | 6:30-6:45 p. 41-3 |. Hail. Damage to peas over 
Loma (near), Mont. SPD. Rain Flash flood washed out railroad bri 
Ekalaka, 20 18-10 le damage to grains and buildings over path 30 to 40 
miles long. 
Martinsdale, 21| P.m Hail and Hail damaged ha: 
still of rain reported in 
minu 
ont. 
Great Falls, Wind and electrical_| 63 damaged trees and roofs. 1 home 
ick by L in roof and another hole in 
front wi uipment also damaged. 
Dawson, Ga...............-- 24 | 1:30 p. m__....-- 25-50 0 5,500 | Tornado--.........-- Storm moved Bome electrical ea and was reported to have trav- 
eled no more than about 900 feet. Damage only in aren pon 
area. A cotton oil mill unroofed; top of water tank twisted and 


left dangling. Several roofs Gamaged, including the 
depot and some smaller structures. 


Culbertson, Moat | 1 | Halland wind Henvg bail damaged wheat over path miles long. Storm 
...---| Heavy ha: over appar- 
4 — into North Dakota. $2,000 wind damage to 
Hill County, Mont-.......-- pi 525, 000 RE: Heavy hail in small area cause 50 75 percent loss to small gains. 
d destruction estimated at $500,000 to 
Chester (near), Mont......-- 27 | 4:30 p. A hail damage to wheat. Wind 25 percent loss of 
wheat over path 10 miles long. 
Chester (near), Mont......-- do A over path 5 miles long. Wind caused 25 per- 
cen 
Bozeman (near), Mont. ....- 29 | 2:30-2:45 p. Damage to wheat over about 5 miles long. 
Powder River County, 90, 000 Heavy hail, to 1 inch in diameter, 
Mont. rangeland over over pe | 50 miles long. Some buildings damaged. 
Bozeman (near), Mont-....- 31 | 44:20 p. m_____- Damage to in small area. 
Philipsburg, Mont. 31 | 7-7:30 p. m.._..- 30,000 | Hail and wind_-_....| Moderate hail and wind damaged small , hay and range grass. 
and Helm- 31 | 7-7:10 p. 800 6,000 | Damage to small grains over path 15 long. 
on 
31 | 12-12:30 p. m.-_.. _, 5,000 |....- Hailstones, up to 1 inch in diameter, damaged peas and buildings. 
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MONTHLY WEATHER REVIEW 


SOLAR RADIATION DATA FOR AUGUST 1948 


[Solar Radiation Investigation Section, I. F, Hanp in Charge] | 
Taste 1.—Solar radiation intensities during August 1948—Con. 


Explanation of Tables 1 and 2 and references to descrip- 
tions of instruments, stations, and methods of observation, 
and to summaries of data, are given in the Monrsaiy 
Wearuer Review, vol. 72, No. 1, January 1944, p. 43. 
A list of pyrheliometric stations is given on page 45 of 
that issue. An explanation of the formula used in comput- 
ing 
appears in vol. 75, No. 3, March 1947, p. 47. 


TABLE 1.—Solar radiation intensities during August 1948 
[Gram calories per minute per square centimeter of normal surface] 


Sun’s zenith distance 
Vapor pres- 
sure 
Date A. M. P. M. 
wi 7:30 | 1:30 
78.7° | 75.7° | 70.7° | 60.0° 60.0° | 70.7° | 75.7° | 78.7° a. m.! |p. mt 
MADISON, WIS. 
Air mass 
4.81 | 3.84 | 2.88 | 1.92 | °0.96/ 1.92 | 2.88 | 3.84 | 4.81 
August 
0741086 098 | 127 13. 715 |11. 818 
.90 1.29) 106) .88 11. 378 | 9.414 
88 | 1.04 | 1.26 |(1.04)| 
|—.02 |—.04 |—.01 |—. 01 
LINCOLN, NEBR. 
Air mass 
4.77 | 3.81 | 2.86 | 1.91 | °0.95| 1.91 | 2.86 | 3.81 | 4.77 
1.29 | 0.94 | 0.69 | 0.54 | 0.45 | 18.29 | 20.35 
1.32/ 1.03] .84/ .71 | .60 | 21.07 | 24.18 
| 16. 94 | 17.67 
1.2] .84 20.35 | 17.67 
1.24; .88| .69| .54/] .43 | 21.81 | 20.35 
1.26; .97| .77) . .52 | 19.64 | 19.64 
1.26] .82 67 | .56 | 19.64 | 20.35 
1.27] .95| .76] . 
—. 04 |—.10 |~.10 |— 


the air mass values for each station listed in Table 1 — 
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Sun’s zenith distance 


A. 


M. 


P.M. 


Vapor pres- 
sure 


78.7° 


ar 


0.0° 


60.0° 


70.7° 


75.7° 


78.7° 


TABLE MOUNTAIN, CALIF. 


Air mass 


Departures. |-+-.03 |-+-.03 |+.04 |4.04 
BOSTON, MASS, 
Air mass 

4.96 | 3.96 | 2.97 | 1.98 | °0.99/ 1.98 | 2.97 | 3.96 | 4.96 

BLUE HILL, MASS. 
Air mass 

4.86 | 3.89 | 2.92 | 1.94 | 0.97) 1.04) 3.89) 4.86 
mb. | mb. 
14.9; 13.1 
12.6}; 127 
140 12.1 
13.8 12.6 
17.7} 18.0 
15.3 15.3 
16.1 16.8 
2.7) 211 
2.0} 25.1 
25.2) 24.7 
23.0; 
17.3) 168 


= 

Date | eg 

7:30. | 1:30 

Me 

3.76 | 3.01 | 2.26 | 1.51 | 0.75) 1.51 | 2.26 | 3.01 | 3.76 

Means......| .84/ 103/124) .75| .57)| .47 |.-.----|------ 

Departures_|—.02 |—.04 |—.04 | .00 |—.06 |—.12 |—.09 |—. 11 |—. 31 

*Extrapolated. 

75th meridian time. 4 
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{Gram calories per square centimeter] 


TaBLe 2.—Daily totals and weekly means of solar radiation (direct+ diffuse) received on a horizontal surface 


Avucusr 1948 


2 
4 

3 
1948 cal. | cal.| cal.| cal. cal. cal. | cal. cal. .| eal. 
aly 20........... 578 61 601 346 752 
763] 560 504 453 598 
August 224 1 488 506 
‘August 434 676 452 487 
i August 420 455 535 
August 410} 330 417 252 
August 409 381; 27 246 
of 423 377 482 
720)... 138) ¢ 557 349 488 600 
4 699... 456 528 440 408 649 
581 414 388 587 
4 723|.... 468 678 439 506 492 
| ae 506 646 488 333 633 
485, 642 261 230 522 
14 322 363 548 
712|.... 397 546] 621 395 576 
204 378 649 201 290 451 
“41 563 366 634| 485 517 
500 651| 643 304 583| 434 643 
538 646 455 499| 443 462 
417 429| 585 287 389 478 
482 592} 504 97 628| 351 448 
670)... 438 631; 639 307 639| 442 483 
o77|___. 444 551} 632 301 606} 405 497 
+56|—19 +101 +100! +18 123 4-43] 
276 698 542| 622 322 538| 502 700) 685 
447| 443 540 603 520 572| 479 697! 586 
651|....|...-| 420 635 544, 499 527| 445 412) 540 
580) 420 666 462| 559 377| 385 629| 324 
620} 422 681 508| 600 300| 422 658| 481 
640|...| 424 641 491; 611 508| 452 665| 516 
288) 463 500 600 458| 330 671| 463 
651|__.| 510} 410) 524 623} 457| 529] 573 468} 431 514 
351; 444 552 481) 606 350 664| 527 
648| 469) 509 597; 464) 603 657| 652 
623| 196| 561 482) 477) 552 563| 463) 540} 587 612) 567 
Be. 199| 412} 384) 520 558; 449 659| 659 
August 609| 156| 572| 197) 550| 477 551, 196, 211; 539 653| 525 
September 602| 190|....| 554) 507| 541 541} 576, 545 655| 363 
September 595| 173|....| 414) 543) 542 423/456) 535 656| 530 
Means.....___. 620|....|....| 412! 511] 528 564] 477 546 
Departures..__. +62| +36) —123| +62} +15] +58) +21} +88} —138—25 +124+24'433) 

ACCUMULATED DEPARTURES ON SEPTEMBER 2, 1948 


facing south at Blue Hill, Mass., during August 1948 


TaBLe 3.—Daily totals and weekly means of solar and sky radiation * 9 the radiation reflected from the ground, as received on a vertical surface 
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Gm cal/em?___. 273; +100) + 254 171 21 ll 231 288 296) 92 122 
21 23) 24 


| 27 28 29 30 31 1 2} Mean!_....- 
308} 324 298; 316 320; ~-273; 127 
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1 17) 18} Mean 
326] 326) 282) 313 272 
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